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STANDARD OPERATING PROCEDURE MP-001, Rev. 9

. Effective: 10/31/06
Sample Receiving . Page 11 0of 12

EBERLINE

B SERVICESs

Eberline Services — Oak Ridge Laboratory
SAMPLE RECEIPT CHECKLIST

| MP-001-2
workoroer#_ @7 . 0701 7

SAMPLE MATRIX/MATRICES: : ' (CIRCLE ONE OR BOTH)

AQUEOUS ON-AQUEOUS

(CIRCLE EITHER YES, NO, OR N/A)
A

WERE SAMPLES:

Received in good condition?

-<@‘

If aqueous, properly preserved

@™

WERE CHAIN OF CUSTODY SEALS:
Present on outside of package?

Unbroken on outside of package?

Present on samples?

Unbroken on samples?

SRNEE

Was chain of cusiody present upon sample receipt?

IF THE RESPONSE TO ANY OF THE ABOVE IS NO, A DISCREPANT SAMPLE RECEIPT REPORT
(DSR) HAS BEEN ISSUED.

REMARKS:

SIGNATURE: ‘@)—— DATE: 7-5-07

CopyNo. ___ Radiochemistry Services
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SERVICES

EBS-OR-26044

‘ Oak Ridge Laboratory

July 19, 2007 601 Scarboro Road

Oak Ridge, TN 37830

Phone (865) 481-0683

Ted Johnson _ _ Fax (865) 483-4621
Environmental Chemical Corporation '

63 Herb Hill Road
Glen Cove, NY 11542

CASE NARRATIVE
Work Order # 07-07017-OR

SAMPLE RECEIPT

This work order contains one soil sample received 7/5/2007. This sample was analyzed for Radium-
226/228, Isotopic Thorium and Isotopic Uranium.

CLIENT ID LABID
5601-FSS-SU3-1014 07-07017-04
ANALYTICAL METHODS

Radium-226 was analyzed using EPA Method 903.0 Modified. Radium-228 was analyzed using EPA
Method 904.0 Modified. Isotopic Thorium was analyzed using Method EML Th-01 Modified. Isotopic
Uranium was analyzed using Method EML U-02 Modified.

ANALYTICAL RESULTS

Combined Standard uncertainty is reported at 1-sigma value.

Method Detection Limits (MDA’s) reflected on the Preliminary Data Report (PDR) are calculated using
the equation from ANSI N13.30 (see below) for different blank and sample counting times. The MDA
calculation used by the alpha spectroscopy software assumes an equal count time for the sample and
background, and may be therefore slightly different than the MDA reflected on the PDR.

Where:
3.29 R, T, (1 4 E] +3 R, = Background Count Rate
ANSI 13.30 gy \ T, T, = Count Time of Sample
KT, Ty, = Background Count Time
K = Calibration and Calculation Factors in
Appropriate Units

ISOTOPIC URANIUM

Sample was prepared by removing a representative aliquot from the sample followed by mixed acid
digestions as appropriate. Uranium was selectively extracted by ion exchange. Uranium was eluted,
micro-precipitated and mounted on micro-porous filter media. Sample activities were then determined by
alpha spectroscopy using energy specific regions of interest for Uranium-234, Uranium-235 and
Uranium-238. Chemical recovery was determined by the use of a Uranium-232 tracer. Activity of the
Uranium-232 tracer was determined by alpha spectroscopy using an energy specific region of interest.

Page 1 of 3



ANALYTICAL RESULTS CONTINUED

ISOTOPIC URANIUM continued

Sample demonstrated background equivalent results for Uranium-234, Uranium-235 and Uranium-238
activity. Chemical recovery was acceptable for all samples. Results for the Uranium-234, Uranium-235
and Uranium-238 method blank demonstrated background or non-detect equivalent activity. Results for
the Uranium-234 replicate demonstrated an acceptable relative percent difference and normalized
difference. Results for the Uranium-235 replicate demonstrated a high relative percent difference and
normalized difference. Uranium-235 replicate results are statistically equivalent with consideration of the
+2-sigma counting uncertainties. Results for the Uranium-238 replicate demonstrated a high relative
percent difference; however, normalized difference is within acceptable limits for the analytical
technique. Results for the Uranium-234, Uranium-235 and Uran1um;238 laboratory control sample
demonstrated an acceptable percent recovery.

ISOTOPIC THORIUM

Sample was prepared by removing a representative aliquot from the sample followed by mixed acid
digestions as appropriate. Thorium was selectively extracted by ion exchange. Thorium was eluted,
micro-precipitated and mounted on micro-porous filter media. Sample activities were then determined by
alpha spectroscopy using energy specific regions of interest for Thorium-228, Thorium-230 and Thorium-
232. Chemical recovery was determined by the use of a Thorium-229 tracer. Activity of the Thorium-229
tracer was determined by alpha spectroscopy using an energy specific region of interest.

Sample demonstrated slightly positive results for Thorium-228, Thorium-230 and Thorium-232 activity.
Chemical recovery was acceptable for all samples. Results for the Thorium-228, Thorium-230 and
Thorium-232 method blank demonstrated background equivalent activity. Results for the Thorium-228
and Thorium-230 replicate demonstrated an acceptable relative percent difference and normalized
difference. Results for the Thorium-232 replicate demonstrated a high relative percent difference;
however, normalized difference is within acceptable limits for the analytical technique. Results for the
Thorium-228, Thorium-230 and Thorium-232 laboratory control sample demonstrated an acceptable
percent recovery.

RADIUM-226

Sample was prepared by removing a representative aliquot from the sample followed by mixed acid
digestions as appropriate. This was followed by selective sulfate precipitations of the Radium. Samples
were then mounted by semi-micro-precipitations onto micro-porous filters. Samples were counted by
alpha spectroscopy using an energy specific region of interest for Radium-226. Chemical recovery was
calculated by the use of a Barium-133 tracer, which was determined by HPGe gamma spectroscopy.

Sample demonstrated slightly positive results for Radium-226 activity. Chemical recovery was acceptable
for all samples. Results for the Radium-226 method blank demonstrated background equivalent activity.
Results for the Radium-226 replicate demonstrated a slightly high relative percent difference; however,
normalized difference is within acceptable limits for the analytical technique. Results for the Rad1um-226
laboratory control sample demonstrated an acceptable percent recovery.

RADIUM-228
Following alpha spectroscopy analysis of Radium-226, Barium/Radium Sulfate precipitate was
redissolved and allowed for sufficient ingrowth of the Actinium-228 daughter. After ingrowth, Actinium-

228 was selectively precipitated. Precipitate was filtered and Actinium-228 beta emissions were then

Page 2 of 3



ANALYTICAL RESULTS CONTINUED

RADIUM-228 continued

counted on a gas proportional counter. Chemical recovery was determined by the use of a Barium-133
tracer, of which each sample activity was determined by HPGe gamma spectroscopy and an elemental
Yttrium carrier by gravimetric measurements. The product of these two recoveries was used to calculate
chemical yield.

Sample demonstrated background equivalent results for Radium-228 activity. Chemical recovery was
acceptable for all samples. Results for the Radium-228 method blank demonstrated background
equivalent activity. Results for the Radium-228 replicate demonstrated g high relative percent difference;
however, normalized difference is within acceptable limits for the analytical technique. Results for the
Radium-228 laboratory control sample demonstrated an acceptable percent recovery.

CERTIFICATION OF ACCURACY

I certify that this data report is in compliance with the terms and conditions of the Purchase Order, both
technically and for completeness, for other than the conditions detailed above. Release of the data
contained in this hard copy data package has been authorized by the cognizant project manager or his/her
designee to be accurate as verified by the following signature.

Date: 7/19/200
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ANALYTICAL RESULTS SUMMARY
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SECTION VI

LABORATORY TECHNICIAN'S NOTES .
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ISO-U NOTES

R



Printed: 7/6/2007 9:14 AM . : Page 1 of 1

. Oak Ridge Laboratory interrial Work Order 07-07017
EBERILINE 601 Scarboro Rd.
3 SERVICES Oak Ridge, TN 37830 Analysis Code : U U ISO
o Bt Voice: 865.481.0683
Work Ordel: Analysis Notes www.eberlineservices.com Run Number 1

ADDED SPIKES AND TRACERS- ADDED HF AND DRIED SAMPLES DOWN UNTIL

NEAR DRY- ADDED MIXED ACIDS AND TOOK SAMPLES TO DRYNESS

D IDF—

07/06/07 09:14




Printed: 7/12/2007 5:45 AM

Page 1 of 1

© _ EBERLINE

SERVICES

Work Order Analysis Notes

Oak Ric_lge Laboratory

601 Scarboro Rd. -

Oak Ridge, TN 37830
Voice: 865.481.0683
www.eberlineservices.com

Internal Work Order

07-07017

Analysis Code |

UUISO

Run Number

1

JBARNARD

07

ALIQUOTED

L

AND ADDED SPIKES AND TRAGERS- ADDED HF AND DRIED SAMPLES DOWN UNTIL

NEAR DRY- ADDED MIXED ACIDS AND TOOK SAMPLES TO DRYNESS

07/11/07 10:20

CHEM

TSMITH

Followed steps 12.2 to 12.2.7 in AP-005 rev. 9 . { Column separation for Uranium )

TSMITH

07/12/07 05:45 CHEM

Followed steps 12.2..7 t0 12.5.5 in AP-005 rev. 9 . ( Precipitated and ﬁltered samples )

a4




Eberline Services

Oak Ridge Laboratory .

Printed: 7/12/2007 5:57 AM

Page 1 of 1

7
©. EBERLINE 7-07017
A SERVICES 6 e A S
Reagents Used in an Analysis .
005772pP Hydrofluoric Acid Reagent Grade JBARNARD 7/6/2007
005486P Perchloric Acid Reagent Grade JBARNARD 7/6/2007
004527P Sulfuric Acid Reagent Grade JBARNARD 7/6/2007
005886P Nitric Acid Reagent Grade JBARNARD 7/6/2007
005839D03 Hydrochloric Acid 0.5N TSMITH 7/11/2007
0055928 Hydrochloric Acid 6.5N TSMITH 7/11/2007
0059475 Hydrochloric Acid 8N TSMITH 7/11/2007
005955S HCI - NH4I 8N -0.1M TSMITH 7/11/2007
005927S HCI - HF 6.5N - 0.04N TSMITH 7/11/2007
005554S Neodymium Carrier 1 mg/ml _ TSMITH 7/12/2007
005345P Titanous Chloride Reagent Grade TSMITH 7/12/2007
005913P Reagent Alcohol Reagent Grade TSMITH 7/12/2007
005878P Hydrofluoric Acid Reagent Grade TSMITH 7/12/2007
005909S Carbon substrate Solution TSMITH 7/12/2007
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ISO-TH NOTES



Printed: 7/6/2007 9:13 AM Page10f1 -
Oak Ridge Laboratory intermal Work Order 07_0701 7
EBERLINE 601 Scarboro Rd. ' i
y SERVICES Oak Ridge, TN 37830 Analysis Cod
Work Order Analysis Notes Voice: 865.451.0683 R ThiSO
Y www.eberlineservices.com Run Number 1

07106/07 09:13 ~JBARNARD

ALIQUOTED AND ADDED SPIKE: PLES DOWN UNTIL
NEAR DRY- ADDED MIXED ACIDS AND TOOK SAMPLES TO DRYNESS- PRECIPITATED WITH
POTASSIUM SULFATE AND BA CARRIER- DECANTED SAMPLES AND CENTRIFUGED- ADDED .25M
EDTA TO PRECIP, VORTEXED AND PUT SAMPLES IN A HOT WATER BATH- ADDED 10M KOH AND .
TICL3 AND PUT SAMPLES BACK IN THE HOT WATER BATH- VORTEXED AND CENTRIFUGED- ADDED
30MLS OF 8N HNO3 TO THE THORIUM PRECIP, VORTEXED AND SUBMITTED TO SEPARATIONS




Printed: 7/12/2007 5:50 AM . ) ’ : Page 1 of 1
- Oak Ridge Laboratory
& EBERLINE 601 Scarboro Rd.

Internal Work Order 07-070 1 7
Services ‘Oak Ridge, TN 37830 '

Voice: 865.481.0683 Analysis Code ThiSO
www.eberlineservices.com

Work Order Analysis Notes
_ Run Number : . 1

07/06/07 09:13 JBARNARD

ALIQUOTED AND ADDED SPIKES AND TRACE
NEAR DRY- ADDED MIXED ACIDS AND TOOK SAMPLES TO DRYNESS- PRECIPITATED WITH-
POTASSIUM SULFATE AND BA CARRIER- DECANTED SAMPLES AND CENTRIFUGED- ADDED .25M
EDTA TO PRECIP, VORTEXED AND PUT SAMPLES IN A HOT WATER BATH- ADDED 10M KOH AND
TICL3 AND PUT SAMPLES BACK IN THE HOT WATER BATH- VORTEXED AND CENTRIFUGED- ADDED
30MLS OF 8N HNO3 TO THE THORIUM PRECIP, VORTEXED AND SUBMITTED TO SEPARATIONS

07/11/07 10:21 CHEM TSMITH v Followed steps 12.3 to 12.3.4 in AP-005 rev. 9. (vColumn separation for Thorium )

07/12/07 05:50 CHEM TSMITH Followed steps 12.3.4 to 12.5.5 in AP-005 rev. 9 . ( Precipitated “and fitered samples )

x

e




Eberline Services

Oak Ridge Laboratory -

EBERLINE

SERVICES

Reagents Used in an Analysis

S i, 3 pERiny

Printed: 7/12/2007 5:58 AM
Page 1 of 1

S Pl

50 mg/ml

003255D25 Barium Carrier JBARNARD 7/6/2007
005827S EDTA 0.25M JBARNARD 7/6/2007
005772pP Hydrofluoric Acid _Réagent Grade JBARNARD 7/6/2007
005886D01 Nitric Acid - 8N ‘ JBARNARD 7/6/2007
005886P Nitric Acid Reagent Grade JBARNARD . 7/6/2007
005486P Perchloric Acid Reagent Grade JBARNARD - 7/6/2007
001365D04 Potassium Hydroxide 10M JBARNARD 7/6/2007
005804P Potassium Sulfate Reagent Grade . -JBARNARD 7/6/2007
004527pP Sulfuric Acid ' Reagent Grade JBARNARD 7/6/2007
004692pP Titanous Chloride Reagent Grade JBARNARD 7/6/2007
005951S Nitric Acid 8N TSMITH 7/11/2007
005947S Hydrochloric Acid 8N TSMITH 7/11/2007
005909S Carbon substrate Solution TSMITH 7/12/2007
000051D11 Cerium Carrier (Alpha iso) Solution TSMITH 7/12/2007
005913P Reagent Alcohol Reagent Grade TSMITH 7/12/2007
005878P Hydrofluoric Acid Reagent Grade TSMITH 7/12/2007
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RA-226 NOTES
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Printed: 7/6/2007 9:12 AM Page 10f 1
) Oak Ridge Laboratory Internal Work Order | - 07_0701 7
© EBERLINE 601 Scarboro Rd.
= SERVICES Oak Ridge, TN 37830 Analysis Cod
Work Order Analysis Notes Voice: 865.481,0683 e Ra226
g Y www.eberlineservices.com Run Number 1

07/06/07 09:12 JBARNARD

ALIQUOTED AND ADDED SPIKES AND TRACERS- ADDED HF AND DRIED SAMPLES DOWN UNTIL
NEAR DRY- ADDED MIXED ACIDS AND TOOK SAMPLES TO DRYNESS- PH'D SAMPLES TO 2.8-3.0-
PRECIPITATED WITH POTASSIUM SULFATE AND BA AND PB CARRIERS- DECANTED SAMPLES AND
CENTRIFUGED- ADDED .25M EDTA AND PHENOLPTHALEIN TO PRECIP, VORTEXED AND PUT
SAMPLES IN A HOT WATER BATH- VORTEXED AND CHECKED PH- CENTRIFUGED AND
TRANSFERRED SUPERNATE INTO CLEAN C-TUBES AND SUBMITTED TO SEPARATIONS
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Printed: 7/10/2007 1:11 PM Page 10f 1

_ Oak Ridge Laboratory Intemal Work Order 07-07017
EBERLINE 601 Scarboro Rd. : , :
' SERVICES Oak Ridge, TN 37830

Voice: 865.481.0683 Analysis Code Ra226
www.eberlineservices.com

Work Order Analysis Notes

Run Number 1

ALIQUOTED AND ADDED SPIKES AND TRACERS- ADDED HF AND DRIED SAMPLES DOWN UNTIL
NEAR DRY- ADDED MIXED ACIDS AND TOOK SAMPLES TO DRYNESS- PH'D SAMPLES TO 2.8-3.0-
PRECIPITATED WITH POTASSIUM SULFATE AND BA AND PB CARRIERS- DECANTED SAMPLES AND
CENTRIFUGED- ADDED .25M EDTA AND PHENOLPTHALEIN TO PRECIP, VORTEXED AND PUT
SAMPLES IN A HOT WATER BATH- VORTEXED AND CHECKED PH- CENTRIFUGED AND
TRANSFERRED SUPERNATE INTO CLEAN C-TUBES AND SUBMITTED TO SEPARATIONS

07/10/07 13:09 CHEM DJOHNSON Received samples in EDTA from prep lab. Re-precipitated samples with glacial acetic acid and ammonium
sulfate. Recorded T0 time of 1230 hours. Filtered samples on tarred filters and then rinsed c-tubes and funnels
with diH20 and filtered. Dried and reweighed samples. Submitted samples to the count room.

o el

07/06/07 09:12 — JBARNARD




Eberline Services
Oak Ridge Laboratory

Printed: 7/10/2007 3:21 PM
Pagel1of 1

SERVICES
Reagents Used in an Analysis
005432p - Ammonium Hyroxide Reagent Grade JBARNARD 7/6/2007
003255D26 Barium Carriér 1 mg/ml ' JBARNARD 7/6/2007
10058275 EDTA - 0.25M JBARNARD 7/6/2007
005772P Hydroftuoric Acid Reagent Grade ‘ JBARNARD 7/6/2007
004484D03 Lead Carrier 40 mg/ml ' JBARNARD 7/6/2007
005886P Nitric Acid Reagent Grade . JBARNARD 7/6/2007
005486P Perchloric Acid Reagent Grade JBARNARD 7/6/2007
003643S Phenolphthalein Indicator 0.1% JBARNARD 7/6/2007
005804P Potassium Sulfate Reagent Grade JBARNARD 7/6/2007
004527pP Sulfuric Acid Reagent Grade JBARNARD 7/6/2007
000868P Acetic Acid Reagent Grade DIJOHNSON 7/10/2007
005186D04 Ammonium Sulfate 200 mg/ml DJOHNSON 7/10/2007
004769S " EDTA 0.25M DJOHNSON 7/10/2007
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RA-228 NOTES



Printed: 7/6/2007 9:12 AM

Page 1 of 1

EBERLINE

SERVICES

Work Order Analysis Notes

07-07017

Ra228

Oak Ridge Laboratory Intesnal Work Order
601 Scarboro Rd. ‘
Oak Ridge, TN 37830 Analysis Cod
Voice: 865.481.0683 P
www.eberlineservices.com Run Number

1

NEAR DRY- ADDED MIXED ACIDS AND TOOK SAMPLES TO DRYNESS- PH'D SAMPLES TO 2.8-3.0-
PRECIPITATED WITH POTASSIUM SULFATE AND BA AND PB CARRIERS- DECANTED SAMPLES AND
CENTRIFUGED- ADDED .25M EDTA AND PHENOLPTHALEIN TO PRECIP, VORTEXED AND PUT
SAMPLES IN A HOT WATER BATH- VORTEXED AND CHECKED PH- CENTRIFUGED AND
TRANSFERRED SUPERNATE INTO CLEAN C-TUBES AND SUBMITTED TO SEPARATIONS
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Printed: 7/13/2007 9:38 AM Page 1 of 1
. ’ Oak Ridge Laboratory internal Work Order 07_0701 7
EBERLINE 601 Scarboro Rd.
/ SERVICES Oak Ridge, TN 37830 Analysis Cod
Work Order Analysis Notes Voice: 865.481.0683 ' i Ra228
Y! www.eberlineservices.com Run Number ’ 1

S

07106707 09:12 JBARNARD

~ALIQUOTED AND ADDED SPIKES AND TRAGERS- ADDED HF AND DRIED SAMPLES DOWN UNTIL

NEAR DRY- ADDED MIXED ACIDS AND TOOK SAMPLES TO DRYNESS- PH'D SAMPLES TO 2.8-3.0-
PRECIPITATED WITH POTASSIUM SULFATE AND BA AND PB CARRIERS- DECANTED SAMPLES AND
CENTRIFUGED- ADDED .25M EDTA AND PHENOLPTHALEIN TO PRECIP, VORTEXED AND PUT
SAMPLES IN A HOT WATER BATH- VORTEXED AND CHECKED PH- CENTRIFUGED AND-
TRANSFERRED SUPERNATE INTO CLEAN C-TUBES AND SUBMITTED TO SEPARATIONS

07/11/07 06:30 CHEM DJOHNSON

Filters were returned from the count room and were placed into centrifuge tubes with EDTA.

07/12/07 13:22 CHEM DJOHNSON

Removed filters fmm soaking and discarded them. Adjusted PH and added Yttrium carrier. Removed Lead
interferences through two Lead Sulfide precipitations.

07/13/07 09:35 CHEM DJOHNSON

Added 10mls of 18M NaOH to samples and recorded T1 time of 0650 hours for samples. Hot bathed and
centrifuged samples. The supemates were discarded.:Dissolved samples in 2mls of 6N HNO3. Then added
5mis of DiH20 and 3mis of 10M NaOH. :

07/13/07 09:35 CHEM DJOHNSON

Then vortexed, hot bathed and ‘centrifuged samples. The supernates were discarded. Then added 2mis of 1N
HNO3 and 2mis of 5% Ammonium Oxalate. Samples were vortexed, hot bathed and centrifuged. The
supernates were then discarded. The precipitates were

07/13/07 09:35 CHEM DJOHNSON

slurried with 5mis. of DIH20 and vortexing. The samples were filtered on tarred filters. The c-tubes.and funnels
were rinsed with DiH20 and filtered. The filters were dried and reweighed. Sample#5 was low in recovery at
~59%. Mounted samples on planchets.

07/13/07 09:35 CHEM DJOHNSON

" Samples were covered in aluminum foil and submitted to the count room.

/1{\3 M




Ebetline Services
Oak Ridge Laboratory

Printed: 7/13/2007 9:22 AM
Page 1 of 1

) EBERLINE _07-07017
. SERVICES An 5:CB ki L g L
Reagents Used in an Analysis Ra228
005432P . Ammonium Hydroxide Reagent Grade JBARNARD 7/6/2007
003255D26 Barium Carrier , 1 mg/mi JBARNARD 7/6/2007
0058275 EDTA 0.25M ' IBARNARD 7/6/2007
005772pP Hydrofluoric Acid Reagent Grade JBARNARD 7/6/2007
004484D03 Lead Carrier 40 mg/ml ; JBARNARD 7/6/2007
005886P Nitric Acid Reagent Grade JBARNARD 7/6/2007
005486P Perchloric Acid Reagent Grade JBARNARD 7/6/2007
003643S Phenolphthalein Indicator ' 0.1% JBARNARD 7/6/2007
005804pP Potassium Sulfate Reagent Grade -JBARNARD 7/6/2007
004527p Sulfuric Acid Reagent Grade JBARNARD 7/6/2007
005835S EDTA 0.25M DIJOHNSON 7/12/2007
001848D14 Lead Carrier 1.5 mg/mli DJOHNSON 7/12/2007
005765P Nitric Acid Reagent Grade . DJOHNSON 7/12/2007
005963D01 Ammonium Sulfide 2% DIOHNSON 7/12/2007
000037D02 Ammonium Oxalate 5% DIOHNSON 7/13/2007
005026D03 Nitric Acid 1N DIJOHNSON 7/13/2007
005700D01 Nitric Acid 6N DJOHNSON 7/13/2007
005802D02 Sodium Hydroxide i0M DJOHNSON 7/13/2007
000994S Yttrium Carrier 9 mg/mi DJOHNSON 7/13/2007
005802D03 Sodium Hydroxide 18M DJOHNSON 7/13/2007
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- SECTION VII -

ANALYTICAL DATA (ISOTOPIC URANIUM)
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*******************************************************************************

ND_AMS ARCHIVE C:C_0707017A-UU$01_UU.CNF

Spectral File:

*******************************************************************************

BATCH ID:
SAMPLE DATE:
SAMPLE TITLE:
ACQ DATE:
ELAPSED LIVE TIME:
TRACER ID:
LAMBDA VALUE:
TRACER DPM AT SAMPLE DATE:
SAMPLE MATRIX:

ENERGY CAL DATE:

BKG FILENAME:

*******************************************************************************

NUCLIDE ENERGY

U232

U-234
U-235
U-236

U-238

khkhkhhkhkkhhkhkhkkhhhhkhdhhhhkhhkhhhkhhhhhhhhkhhkhhhhdhhhhkhhhhkhhhhhhkdhhhhkdhkhhhhhdhhhkdrdtk

*** Tracer FWHM > 80.0 Kev

Analys

5302.5
4761.5
4385.5
4485.2

4184 .4

6-JUL-2007 12:30
B_034_6JULO7

0707017A-UU0 * SAMPLE ID: A 01
12-JUL-2007 00:00 * ALIQUOT: 1.000E+00 gram
’ SPIKE * DETECTOR NUMBER: 034
12~-JUL-2007 09:26 * AVERAGE EFFICIENCY: 19.80%
10200. * " RECOVERY: 98.45%
Uu-10A * TRACER FWHM (kev): 91.98
617. * ROI TYPE: ' STANDARD
12.578 * CONFIDENCE FACTOR: 4.65
SOIL * LLD CONSTANT: 2.71
*
*

NET
AREA

416.00

559.83

20.00

6.00

573.83

Reviewer

d@u Q/Zmz@
o,

Eberline Services
Oak:Ridge Laboratory

ALPHA SPECTROMETRY REPORT

0.

0.

12-JUL-2007 12:25:37

*

*

NUCLIDE ACTIVITY SUMMARY

BKG $ABN ACTIVITY
pCi/ gram

.00 99.8 5.666E+00

.17  99.8 7.625E+00

.00 80.9 3.360E-01

00 90.1 9.051E-02

17 100.2 7.782E+00

* % %

Fre-)—

Date

.

Date

EFF CAL DATE:
BKG ELAPSED TIME:

TPU/ERROR

7

1.

1.

7

1

2-SIGMA

.296E-01

289E+00

581E-01

.508E-02

.311E+00

6-JUL~-2007 12:30

60000.

MDC

pCi/ gram

3

6.

4

4

6.

.691E-02

302E~02

.553E-02

.088E-02

275E-02
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C:C_0707017A-UUSOT_UU

Channel Contents for ND_AMS_ARCHIVE
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Eberline Services
Oak Ridge Laboratory

Gross Sample Counts Within Peak Regions Generated: 12-JUL-2007 12:25:33.20

Detector ID: 34 ' Acquisition Start: 12-JUL-2007 09:26:39.01
Live Time: 0 02:50:00.00 Real Time: 0 02:50:00.10
Batch Id: 0707017A-UU - Sample Id: 01 '
Sample Type: UU
Pk It Energy Area  Bkgnd FWHM Channel Left Pw Cts/Sec $Err Fit
1 0 4172.04 574 0 56.56 238.92 182 90 5.63E-02 4.2
2 0 4371.26 20 0 94.72 305.20 281 43 1.96E-03 22.4
3 0 4494.75 6 0 0.00 346.50 326 30 5.88E-04 40.8
4 0 4749.44 560 0 60.96 432.21 382 82 5.495-02 4.2
5 0 5283.43 416 0 91.98 614.31 568 76 4.08E-02 4.9
5
Background Counts Within Peak Regions Generated: 12-JUL-2007 12:25:35.31
, Acquisition Start: 6-JUL-2007 15:30:35.01
Live Time: 0 16:40:00.00 Real Time: 0 16:40:00.10
Pk It Energy Area Bkgnd FWHM Channel Left Pw Cts/Sec %Err Fit
1 O 4133.63 1 0 3.11 226.50 182 90 1.67E-05100.0
2 0 4361.54 0 0 0.00 302.00 281 43 0.00E+00 0.0
3 0 4476.98 0 0 0.00 340.50 326 30 0.00E+00 0.0
4 0 4721.06 1 0 3.11 422.50 382 82 1.67E~-05100.0
5 0 5257.08 0 0 0.00 605.50 568 76 0.00E+00 0.0
Net Sample Counts Within Peak Regions Generated: 12-JUL-2007 12:25:35.60
Pk It Energy Area Bkgnd FWHM Channel Left Pw Cts/Sec %Err Fit
1 0 4172.04* 574 0 56.56 238.92 182 90 5.63E-02 4.2
2 0 4371.26% 20 0 94.72 305.20 281 43 1.96E-03 22.4
3. 0 4494.75%* 6 0 0.00 346.50 326 30 5.88E-04 40.8
4 0 4749.44* 560 0 60.96 432.21 382 82 5.49E-02 4.2
5 0 5283.43%* 416 0 91.98 614.31 568 76 4.08E-02 4.9

Flag: "*" = Peak area was modified by background subtraction



JMS Nuclide Identification Report V3.0 Generatedrlz—JUL—2007 12:25:36

lonfiguration :
Analyses by :
Sample title
Sample date -

Sample ID . 01
Sample type : UU
Jetector name : 03

Elapsed live time:
Energy tolerance

Errors propagated:
Efficiency type
Abundance limit

Ye

Post-NID Peak Search Report

It Energy . Area
0 4172.04%* 574
0 4371.26* 20
0 4494.75% 6
0 4749.44% 560
0 416

5283.43%

4

0 02:50:00.00
100.00 keV
S

: Average value
75.00 .

FWHM Channel

56
94

60

.56
.72
0.

00

.96
91.

98

238.92
305.20
346 .50
432.21
614 .31

Left

182
281
326
382

568

MCAO : [AMSCOUNT] 00021072$1
ROIPEAK V1.2,PEAKEFF V2.2,ENBACK V1.6,NID V3.3
SPIKE

12-JUL-2007 00:00:00 Acquisition date
Sample quantity

Sample geometry

Detector geometry:
Elapsed real time:
Half life ratio

Systematic Error
Efficiencies at

Pw

90
43
30
82

76

$Err

0o
\OCO'I—-‘#G)
Ul

Fit

12-JUL-2007 09:26:39
1.0000 gram

0 02:50:00.10 0.0%
8.00
- 3.00 %
Peak Energy

Nuclides Activity
pCi/gram
U-238 7.66
U-235 0.331
U-236 8.911E-02
U-234 7.51
U232 5.58

(1]

.
D]



Eberline Services
Oak Ridge Laboratory

ALPHA SPECTROMETRY REPORT
12-JUL-2007 12:25:49

hhkkhkkhhhhkhhhhhhhhhhkhhhkhhhhhhhhhhhhkhhhhhhhhhhhhhhhhrhhhhhhhrhrhhhrhhhhhrkhhhn

Spectral File: ND _AMS ARCHIVE R:R 0707017A-UU$02_ UU.CNF

Akkdkhkkhhkhkhhhhhkhhkkhhkhkhhk Rk kkkhhhkhhkhhhhkkhhhhhhhhhkhhhhhkhkhhhhkh kb hdkkkkd
*

BATCH ID: 0707017A-U0 * SAMPLE ID: 02
SAMPLE DATE: 12-JUL-2007 00:00 * ALIQUOT: 1.000E+00  gram
SAMPLE TITLE: ' BLANK * DETECTOR NUMBER: 037
ACQ DATE: 12-JUL-2007 09:26 * AVERAGE EFFICIENCY: 19.98%
-ELAPSED LIVE TIME: 10200. * RECOVERY: 110.19%
TRACER ID: Uu-10A * TRACER FWHM (kev): 60.74
LAMBDA VALUE: - 616. * ROI TYPE: STANDARD
TRACER DPM AT SAMPLE DATE: 12.548 * CONFIDENCE FACTOR: 4.65
SAMPLE MATRIX: SOIL * LLD CONSTANT: 2.71
ENERGY CAL DATE: 6-~JUL-2007 12:30 * EFF CAL DATE: 6-JUL-2007 12:30
*

BKG FILENAME: B _037_6JULO7 BKG ELAPSED TIME: 60000.

*

hkkkkhkkkhkkkhhkhkhkkhhhhhhkkhhkhhkhhhdhhhkhkhkkhhkkhhkhkhhhhkhhhkhkhhkhhhhhhhhhhkhkkhkhkkkhhkkhkkkhkkkk

NUCLIDE ACTIVITY SUMMARY

NUCLIDE ENERGY ' NET - BKG %$ABN ACTIVITY ’TPU/ERROR MDC
AREA ~ pCi/ gram 2-SIGMA pCi/ gram
U232 - 5302.5 468.66 0.34 99.8 5.652E+00 7.037E—Oi 6.538E-02
U-234 4761.5 - 8.66 0.34 99.8 1.044E-01 7.410E-02 6.538E-02
U-235 4385.5 ‘2.00 0.00 80.9 2.975E-02 4.229E—02 4_.032E-02
U-236 4485.2 -0.17 0.17 90.1 -2.271E-03 4 .553E-03 ' 6.181E-02
U-238 4184 .4 7.83 0.17 100.2 9.402E-02 6.936E-02 5.556E-02

khkkkkhkkkhkhkhhhhhhkhkhhhkhhkhhhkhkhkhhkkhkhhkhkkhhkhkkhhkkhkkhkkkhkhhkhkhkkkhkkkhkhkhhkkkhkkkkkkkkhkkkkk

W/ - s

Analyaﬁ Date

™ Vrtor

Reviewer Date
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R_0707017A-UU$02_ULU

AMS_ARCHIVE_R

Channel Contents for ND

Channel
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1
15
29
43
57
71
85

13
127
141
155
169
183
197
211
225
239
253
267:
281
295
309:
323
337
351
365
379
393
407
421
435
449
463
477
491
505
519:
533
547
561:
575
589
603
617
631:
645
659
673
687
701
715
729
743
757
m
785
799
813
827
841
855
869
883
897
911
925
939
953
967
981
995
1009
1023




Eberline Services
Oak Ridge Laboratory

Gross Sample Counts Within Peak Regions  Generated: 12-JUL-2007 12:25:44.18

Detector ID: 37 ' Acquisition Start: 12-JUL-2007 09:26:50.01

Live Time: 0 02:50:00.00 Real Time: 0 02:50:00.20
Batch Id: 0707017A-UU Sample Id: 02
Sample Type: UU
Pk It Energy Area Bkgnd FWHM Channel Left Pw Cts/Sec $Err Fit
1 0 4188.27 8 0133.06 242,12 - 180 .90 7.84E-04 35.4
2 0 4378.71 2 0 55.70 305.50 279 43 1.96E-04 70.7
3 0 4477.36 6) 0 0.00 338.50 324 30 0.00E+00 0.0
4 0 4744.77 9 0 3.09 428.56 380 82 8.82E-04 33.3
5 0 5276.18 469 0 60.74 610.24 567 76 4.60E-02 4.6
i
Background Counts Within Peak Regions Generated: 12-JUL-2007 12:25:47.15
» Acquisition Start: 6-JUL-2007 15:30:44.01
Live Time: 0 16:40:00.00 Real Time: 0 16:40:00.00
Pk It Energy Area Bkgnd FWHM.Channel Left Pw Cts/Sec %Err Fit
1 0 4136.75 1 0 3.07 224.50 180 S0 1.67E-05100.0
2 0 4363.25 0 0 0.00 300.00 279 43 0.00E+00 0.0
3 0 4478.13 1 0 3.07 338.50. 324 30 1.67E-05100.0
4 0 4721.40 2 0 73.78 420.50 380 82 3.33E-05 70.7
5 0 5260.34 2 0 36.89 604.50 567 76 3.33E-05 70.7
Net Sample Counts Within Peak Regions Generated: 12-JUL-2007 12:25:47.44
Pk It Energy Area Bkgnd FWHM Channel Left Pw Cts/Sec $Err Fit
1 0 4188.27%* 8 0133.06 242.12 180 90 7.68E-04 36.2
2 0 4378.71%* 2 0 55.70 305.50 279 43 1.96E-04 70.7
3 0 4477.36%* 0 0 0.00 338.50 324 30-1.67E-05100.0
4 0 4744.77%* 9 0 3.09 428.56 380 82 8.49E-04 34.8
5 0 b5276.18% 469 0 60.74 610.24 567 76 4.59E-02 4.6

Flag: "*" = Peak area was modified by background subtraction



VMS Nuclide Identification Report V3.0 Generated 12-JUL-2007 12:25:48

Configuration :
Analyses by :
Sample title :
Sample date :

BLANK

Sample ID : 02

Sample type : Uu

Detector name 037

Elapsed live time: 0 02:50:00.00
Energy tolerance 100.00 kev
Errors propagated: Yes
BEfficiency type : Average value
Abundance limit : 75.00

Post-NID Peak Search Report

It Energy Area FWHM Channel
0 4188.27* 8133.06 242.12
"0 4378.71%* 2 55.70 305.50
0 4477.36%* 0 0.00 338.50
0 4744.77% ' 9 3.09 428.56
0 5276.18%* 469 60.74 610.24

Left

180
279
324
380
567

MCAO : [AMSCOUNT] 0002107281 |
ROIPEAK V1.2, PEAKEFF V2.2,ENBACK V1.6,NID V3.3

12-JUL-2007 00:00:00 Acquisition date

Sample quantity
Sample geometry

Detector geometry:
Elapsed real time:

Half life ratio
Systematic Error
Efficiencies at

Pw $Err Fit

90 72.
43141.
30200.
82 69.
76 9.

N UTOWw b

12-JUL-2007 09:26:50
1.0000 gram

0 02:50:00.20 0.
8.00
3.00 %

Peak Energy

0%

Nuclides Activity

pCi/gram

U-238
U-235
U-236
U-234
U232

0.104
3.279E-02
-2.502E-03

0.115

6.23




Eberline Services
Oak Ridge Laboratory

ALPHA SPECTROMETRY REPORT
12-JUL-2007 12:25:59

R R R R I I I I I T I I I I I I I T I ™

Spectral File: ND_AMS ARCHIVE S:S 0707017A-UU$03_UU.CNF

R R R R R e R R R R I I I I
*

BATCH ID: 0707017A-UU * SAMPLE ID: 03
SAMPLE DATE: 25-MAY-2007 00:00 * ALIQUOT: 1.261E+00  gram

SAMPLE TITLE: 5601-FSS-SU3-1014 * DETECTOR NUMBER: 038

ACQ DATE: 12-JUL-2007 09:27 * AVERAGE EFFICIENCY: 18.70%
ELAPSED LIVE TIME: 10200. * RECOVERY : 108.89%
TRACER ID: , UU-10A * TRACER FWHM (kev) : 92.35
LAMBDA VALUE: » 615. * ROI TYPE: STANDARD

TRACER DPM AT SAMPLE DATE: 12.547 * CONFIDENCE FACTOR: 4.65

SAMPLE MATRIX: SOIL * LLD CONSTANT: 2.71

ENERGY CAL DATE: 6-JUL-2007 12:30 * EFF CAL DATE: 6-JUL-2007 12:30

BKG FILENAME: B _038_6JULO7 *

BKG ELAPSED TIME: 60000.

. *
khkkkkkhhkhkkhhhhhhhhkhkhhkkhkhkkhhkhkhhhhkhkhkkhhkhhhkhkhkhkhhkkhhkhhhkkhkhhkhkhhkhkhhhkhhhhhhhhkhkhkhdhdd

NUCLIDE ACTIVITY SUMMARY

NUCLIDE ENERGY NET BKG %ABN | ACTIVITY TPU/ERROR MDC
AREA pCi/ gram 2-SIGMA pCi/ gram
U232 5302.5 433.00 0.00 99.8 4.482E+00 5.708E-01 2.801E-02
‘U~-234 4761.5 58.83 0.17 99.8 6.081lE-01 1.817E-01 4.,783E-02
U-235 4385.5 1.49 0.51 80.9 1.900E~02 3.694E-02 7.690E-02
U-236 4485.2 2.00 0.00 90.1 2.290E-02 3.256E-02 3.103E-02
U-238 4184 .4 58.00 0.00 100.2 5;970E~01 1.791E-01 2.783%E-02

khkkkkhhkhhhhhkhhhhhhhkhkhkhhhhhhhhhhhkhkhkhkdhhkhhkhkhhkhkhkhhkhkhkhhhhhkhkhkhkhhkhkhkkhkkhkhkhkhhhkhhkkhkkhksk

**% Tracer FWHM > 80.0 Kev *kk
%«/\M/ 7'/2“@——
Analys,c Date

Aéw' /,Zh/ Wito7

Reviewer / ﬂ Date

.,.‘.
(RN
P}



(ASY) ABuouz

0009 - p0ss 0005 , 0S¥ 000t 0D0SE
I T 11T 1L T 1] "
P - . e . e .............. - 8§
. . . . : O
. . 0
. . 5
.......... C e e e r e e e e s e e e e e e e e e e e e e e P 1
. . 0
. PO | R .......... e mnmﬁ
#0-3T9652'T- ¢ Penp ABdau3l nn :=adA)] atdweg 00°'00:0§:20 0 ! SWTL 24T
00+3ATHLTT'E ¢ 8dols KABuau3l €0 ! 0I 21dweg 0DZ'00:05:20 0 : SWIL Teay
E0+3A66ESF 'S 1198440 ABusUI 0000 200Z-APW-SZ !9WT)] aTdweg 2Z!60 2002-1NL-Z2T :8WIL 3418
. tTOT-ENS-554-7098 !9T3TL 21dweg
gEp S 8TITl
TANI ' NNTE0$NN-ULT020207S[S  IATHINY "HESNTY "YHAIB] 1 00TUNO wn.igo8dg



S_0707017A-UU$03_Uu

Channel Contents for ND_AMS_ARCHIVE_S
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Eberline Services
Oak Ridge Laboratory

Gross Sample Counts Within Peak Regions Generated: 12-JUL-2007 12:25:54.85

Detector ID: 38 . Acquisition Start: 12-JUL-2007 09:27:16.01
Live Time: 0 02:50:00.00 Real Time: O 02:50:00.20
Batch Id: 0707017A-UU Sample Id: 03
Sample Type: UU :
Pk It Energy Area Bkgnd FWHM Channel Left Pw Cts/Sec %Err Fit

1 0 4170.59 58 0 36.32 232.93 177 90 5.69E-03 13.1

2 0 4382.42 2 0 59.23 303.00 276 42 1.96E-04 70.7

3 0 4460.58 2 0 46.76 329.00 320 30 1.96E-04 70.7

4 0 4745.05 59 0 29.36 424.31 376 81 5.78E~-03 13.0

5 0 5293.66 433 0 92.35 611.21 562 76 4.25E-02 4.8
Background Counts Within Peak Regions Generated: 12-JUL-2007 12:25:57.10

Acquisition Start: 6-JUL-2007 15:30:54.01

Live Time: 0 16:40:00.00 Real Time: 0 16:40:00.10

Pk Tt Energy Area Bkgnd FWHM Channel Left Pw Cts/Sec SErr Fit

1 O 4134.85 0 ¢ 0.00 221.50 177 90 0.00E+00° 0.0

2 0 4361.84 3 0 74.87 296.50 276 42 5.00E-05 57.7

3 0 4476.08 - 0 0 0.00 334.50 320 30 0.00E+00 0.0

4 0 4719.34 1 0 3.12 416.00 376 81 1.67E-05100.0

5 0 5258.31 0 0O 0.00.- 599.50 562 76 0.00E+00 0.0
Net Sample Counts Within Peak Regions Generated: 12-JUL-2007 12:25:57.67
Pk It Energy Area Bkgnd FWHM Channel Left Pw Cts/Sec %Err Fit
"1 0 4170.59%* 58 0 36.32 232.93 177 90 5.69E-03 13.1

2 0 4382.42%* 1 0 59.23 303.00 276 42 1.46E-04 96.9

3 0 4460.58%* 2 0 46.76 329.00 320 30 1.96E-04 70.7

4 0 4745.05%* 59 0 29.36 424.31 376 81 5.77E-03 13.1

5 0 0 92.35 611.21 562 76 4.25E-02 4.8

5293.66%* 433

Flag: "*" = Peak area was modified by background subtraction



/MS Nuclide Identification Report V3.0 Generated 12-JUL-2007 12:25:58

Jonfiguration
Analyses by
Sample title
Sample date

5601-FSS-SU3-1014

Sample ID 03

Sample type : UU

Jdetector name 038 .
Blapsed live time: 0 02:50:00.00
Energy tolerance 100.00 keVv
BErrors propagated: Yes
Efficiency type : Average value

Abundance limit 75.00

Post-NID Peak Search Report

It Energy Area FWHM Channel
0 4170.59%* 58 36.32 232.93
0 4382.42%* 1 59.23 303.00"
0 4460.58%* 2 46.76 329.00
0 4745.05%* 59 29.36 424.31
0 5293.66%* 433 92.35 611.21

25-MAY-2007 00:00:00 Acquisition date

Left

177
276
320
376
562

: MCAO:[AMSCOUNT100021072$1 _
ROIPEAK V1.2,PEAKEFF V2.2,ENBACK V1.6,NID V3.3

12-JUL-2007 09:27:16
Sample quantity 1.2611 gram
Sample geometry :

Detector geometry:

Elapsed real time: 0 02:50:00.20 0.0%
Half life ratio 8.00
Systematic Error : 3.00 %
Efficiencies at : Peak Energy
: i
Pw %Err Fit Nuclides Activity
pCi/gram
90 26.3 U-238 0.650
42193.9 U-235 2.069E-02
30141.4 U-236 2.493E-02
81 26.1 U-234 0.662
76 9.6 U232

4.88



Eberline Services
Oak Ridge Laboratory

ALPHA SPECTROMETRY REPORT
12-JUL-2007 12:26:08

LR R 2T T L T R Y L2 EL )

Spectral File: ND_AMS ARCHIVE_S:S_0707017A-UU$04_UU.CNF

Hhkhkhkkhhh ko k ke k kR ke kR kb hhhkh Ak hh kA AR Rk kdkhhhhhhk Rk hkkhkhkhkkhhhhhhkhhhhhhhhh ki *
: *

BATCH 1ID: 3 0707017A-UU * SAMPLE ID: : 04
SAMPLE DATE: 2%<MAY-2007 00:00 * ALIQUOT: 1.200E+00 gram
SAMPLE TITLE: 5601-FSS-SU3-1014 * DETECTOR NUMBER : 042
ACQ DATE: 12-JUL-2007 09:27 * AVERAGE EFFICIENCY: 20.56%
ELAPSED LIVE TIME: 10200. * RECOVERY : 96.45%
TRACER ID: _ UU-10A * TRACER FWHM (kev): 75.62
LAMBDA VALUE: : ‘ 615. * ROI TYPE: " STANDARD
TRACER DPM AT SAMPLE DATE: 12.547 * CONFIDENCE FACTOR: 4.65
SAMPLE MATRIX: SOIL * LLD CONSTANT: 2.71
ENERGY CAL DATE: 6-JUL-2007 12:30 * EFF CAL DATE: 6-JUL~-2007 12:30
* BKG ELAPSED TIME: 60000.

BKG FILENAME: B 042 6JULO7
: *

khkkhkkhhkFhhhhhkhhkkhhhdhhh bk hhhkhhhhhhhhkhhhdhhkhkhhkhhhhhhkkkkrkhhkhkrkhkkhhkkhxkhkhkhk

NUCLIDE ACTIVITY SUMMARY

NUCLIDE ENERGY NET BKG %$ABN ACTIVITY TPU/ERROR MDC
AREA pCi/ gram 2-SIGMA pCi/ gram
U232 5302.5_ 421.66 0.34 99.8 4 .708E+00 6.040E-01 6.047E-02
U-234 4761.5 52.15 0.85 99.8 5.817E-01 1.834E-01 7.804E-02
U-235 4385.5 8.00 0.00 80.9 1.101E-01 7.948E-02 3.729E-02
U-236 4485.2 -0.17 0.17 90.1 -2.100E-03 4.212E-03 5.717E-02
U-238 4184 .4 69.32 0.68 100.2 7.699E-01 2.173E-01 7.268E-02

hkhhkhkhhhkhkhkhkkhkkhhkhhhkhkhkkhkhhhhkhkhkhkhkhhhXkhdhhhkhkhkhhhhhhkkhhhhhhkhhhkhkhkhhhhhkhhkhkkkhkhkkhhkhkkik

W//Z/ 12—

Analystl 4 Date

\

Uo7

Reviewer Date

I E=y:
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Channel Contents for ND_AMS_ARCHIVE_S:S_0707017A-UU$04_UU

Channel
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Eberline Services
Oak Ridge Laboratory

Gross Sample Counts Within Peak Regions = Generated: 12-JUL-2007 12:26:04.09

Detectbr ID: 42 Acguisition Start: 12-JUL-2007 09:27:33.01

Live Time: 0 02:50:00.00 Real Time: 0 02:50:00.20
Batch Id: 0707017A-U0 Sample Id: 04
Sample Type: UU ‘
Pk It  Energy Area Bkgnd FWHM Channel Left Pw Cts/Sec 3%Err Fit
1 0 4149.69 : 70 0 59.67 226.93 178 90 6.86E-03 12.0
2 0 4375.31 8 0 71.92 301.37 276 43 7.84E-04 35.4.
3 0 4476.54 0 0 0.00 :335.00 321 29 0.00E+00 0.0
4 0 4744.76 53 0103.06 424.75 376 82 5.20E-03 13.7
5 0 5285.40 - 422 0 75.62 608.75 562 76 4.14E-02 4.9
i
Background Counts Within Peak Regions fGenerated: 12-JUL-2007 12:26:06.58
Acquisition Start: 6-JUL-2007 15:30:58.01
Live Time: 0 16:40:00.00 Real Time: 0 16:40:00.10
Pk It Energy Area Bkgnd FWHM Channel Left Pw Cts/Sec $Err Fit
1 0 4136.93 4 0181.05 222.50 178 90 6.67E-05 50.0
2 0 4362.48 0 0 0.00 297.00. 276 43 0.00E+00 0.0
3 0 4476.76 1 0 3.12 335.00 321 29 1.67E-05100.0
4 0 4720.09 5 0234.12 416.50 376 82 8.33E-05 44.7
5-0 5257.72 2 0 71.80 599.50 562 76 3.33E-05 70.7
Net Sample Counts Within Peak Regions Generated: 12-JUL-2007 12:26:06.87
Pk It Energy Area Bkgnd FWHM Channel Left Pw Cts/Sec %Err Fit
1 0 4149.69% 69 ‘ 0 59.67 226.93 178 90 6.80E-03 12.1
2 0 4375.31%* 8 0 71.92 301.37 276 43 7.84E-04 35.4
3 0 4476.54%* 0 0 0.00 335.00 321 29-1.67E-05100.0
4 0 4744.76%* 52 0103.06 424.75 376 82 5.11E-03 14.0
5 0 5285.40% 422 0 75.62 608.75 562 76 4.13E-02 4.9

Flag: "*" = Peak area was modified by background subtraction

Rtw]
1N

L]



VMS Nuclide Ident

Zonfiguration
Analyses by
Sample title
Sample date

ification Repdrt V3.0 Generated 12-JUL-2007 12:26:07

MCAO: [AMSCOUNT]00021072$1

ROIPEAK V1.2,PEAKEFF V2.2,ENBACK V1.6, NID V3.3
5601-FSS-SU3-1014

25-MAY-2007 00:00:00 Acquisition date : 12-JUL-2007 09:27:33

Sample ID : 04 Sample quantity : 1.2002 gram

Sample type : UU ' Sample geometry : i

Detector name 042 Detector geometry:

Elapsed live time: 0 02:50:00.00 Elapsed real time: 0 02:50:00.20 0.0%

Energy tolerance 100.00 keV Half life ratio : 8.00

Errors propagated: Yes Systematic Error : 3.00 %

Bfficiency type : Average value Efficiencies at : Peak Energy

Abundance limit 75.00

Post-NID Peak Search Report ‘

It Energy Area FWHM Channel Left Pw %Err Fit  Nuclides Activity
pCi/gram

0 4149.69* 69 59.67 226.93 178 90 24.2 U-238 0.743

0 4375.31%* 8 71.92 301.37 276 43 70.7 U-235 0.106

0 4476.54%* 0 0.00 335.00 321 29200.0 U-236 -2.026E-03

0 4744.76* 52103.06 424.75 376 82 28.0 U-234 0.561

0 5285.40%* 422 75.62 608.75 562 76 9.7 - U232 4.54



Review of QA results (Daily Pulser Check ) 12-JUL-2007 06:65:48 Page 1

Détector Parameter Flag Filename
1 ALL Passed D_001_NONE
2 ALL Passed D 002 NONE
3 ALL Passed D 003 _NONE
4 OFFLINE
5 OFFLINE
6 ALL Passed D _006_NONE
7 OFFLINE
8 ALL Passed D_008_NONE
9 . ALL . Passed D 009 NONE
10 ALL Passed D 010 NONE
11 ALL Passed D 011 _NONE
12 ALL Passed . D 012 _NONE
13 ALL Passed ‘ D 013 _NONE
14 ALL Passed D 014 _NONE
15 OFFLINE
16 ALL ) Passed D_0l16_NONE
17 OFFLINE
18 . ALL Passed D_018_NONE
19 . ALL Passed D 019 _NONE
20 OFFLINEi
21 OFFLINE’
» 22 OFFLINE
23 ALL Passed D _023_NONE
24 OFFLINE
25 ALL Passed D 025 NONE
26 OFFLINE
27 OFFLINE
28 ALL Passed D_028 NONE
29 ALL Passed D_029 NONE
30 ALL Passed D _030_NONE
31 ALL Passed D 031_NONE
32 OFFLINE
33 ALL Passed D_033_NONE
34 ALL : Passed D_034_NONE
35 OFFLINE
36 OFFLINE
37 ALL ‘ Passed D_037_NONE
38 ALL Passed - D_038 NONE
39 OFFLINE
40 OFFLINE
41 OFFLINE :
42 ALL Passed - D_042 NONE
43 OFFLINE
44 OFFLINE ,
45 ALL Passed D _045_NONE
46 - ALL - Passed D 046 NONE
47 ALL Passed D 047 NONE
48 ALL Passed D 048 NONE
APPROVAL DATE: '?"1'07 APPROVAL TIME:

APPROVED BY: WROCEDURE #

Y

IR
RN



SECTION VII

- ANALYTICAL DATA (ISOTOPIC THORIUM)

o092
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ALPHA_SPECTROMETRY REPORT

Eberline Services
Oak Ridge Laboratory

12-JUL-2007 15:46:23

*******************************************************************************

Spectral File:

ND AMS ARCHIVE C:C 0707017A-TH$01_TH.CNF

*******************************************************************************

BATCH ID:
SAMPLE DATE:

SAMPLE TITLE:

ACQ DATE:
ELAPSED LIVE TIME:
TRACER ID:

LAMBDA VALUE:

TRACER DPM AT SAMPLE DATE:
SAMPLE MATRIX:

ENERGY CAL DATE:
BKG FILENAME:

*

01

0707017A-TH * SAMPLE ID:

5-JUL-2007 00:00 * ALIQUOT: 1.000E+00 gram
SPIKE * DETECTOR NUMBER: 009
12-JUL-2007 12:37 * AVERAGE EFFICIENCY: 19.88%
10204. * RECOVERY : 86.47%

TH-18A * TRACER FWHM (kev): 263.43

. 233. * ROI TYPE: ’ STANDARD

5.230 * CONFIDENCE FACTOR: 4.65

. SOIL * LLD CONSTANT: 2.71
6-JUL-2007 07:08 * EFF CAL DATE: 6-JUL-2007 07:08
B_009_6JULO7 * BKG ELAPSED TIME: 60001.

*

'*******************************************************************************

NUCLIDE

TH-227
TH-228
TH229
TH-230

TH-232

ENERGY

5850.
5400.

4872.

4672

3997.

.0

0

NET

AREA

-0
320.
152.
BSC

346.

.36

13

15

.32

32

0

0.

NUCLIDE ACTIVITY SUMMARY

BKG %ABN ACTIVITY
pCi/ gram

.36 ~97.5 .-5.702Ef03

.87 99.9 4.974E+00

.85 99.5 2.356E+00

.68‘ 99.8 5.408E+00

68 100.0 5.337E+00

TPU/ERROR MDC

2-SIGMA pCi/ gram
3.512E-02 1.286E-01
1.140E+00 1.399E-01
4.417E-01 1.084E-01
1.227E+00 1.010E-01
1.212E+00 1.0093-01

********************************f**********************************************

**%% Tracer FWHM > 80.0 Kev

o

Analyst

Reviewer

* %k

ol

Date

7/3/07

Date
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C_0707017A-TH$01_TH

AMS_ARCHIVE_C

Channel Contents for ND

Channel

_.
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!
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00010131-6.2[41001.010000111v2473101.021020001.02027.9“00002120000000000000100000
00001232549010110010022112&.63112211‘010003235540.0010,1.1020000000000010100000

001100334583001001..0011433465430042011100210545800000100000000001000010000

00111010629400010001001«03378.411430021000041343400000110000000000011110000

.000220037582000000000000036I.».7ul0512101200111256720110120000000000001000000

1000123426500010000000152767011310300002020028100001300000100000101000000
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Eberline Services
Oak Ridge Laboratory

Gross Sample Counts Within Peak Regions  Generated: 12-JUL-2007 15:46:20.26

Detector ID: 9 Acquisition Start: 12-JUL-2007 12;37:10.01
Live Time: 0 02:50:04.00 Real Time: 0 02:50:04.00
Batch Id: 0707017A-TH Sample Id: 01
Sample Type: TH '
Pk It Energy Area Bkgnd FWHM Channel Left Pw Cts/Sec %Err "Fit
1 0 3951.03 347 0170.43 127.78 76 105 3.40E-02 5.4
2 0 4633.53 351 0149.09 366.61 293 107 3.44E-02 5.3
3 0 4882.55 153 0263.43 454.95 399 135 1.50E-02 8.1
4 0 5k356.83 322 0 47.01 625.07 551 109 3.16E-02 5.6
5 0 b5913.62 1 0 2.92 1828.00 750 129 9.80E-05100.0
’ x
Background Counts Within Peak Regions Generated: 12-JUL-2007 15:46:22.19
Acquisition Start: 6-JUL-2007 15:28:24.01
Live Time: 0 16:40:01.00 ‘Real Time: 0 16:40:01.00
Pk It Energy Area Bkgnd FWHM Channel Left Pw Cts/Sec %Err Fit
i1 0 3952.67 4 0200.74 128.00 76 105 6.67E-05 50.0
2 0 4575.27 4 0256.02 346.00 293 107 6.67E-05 50.0
3 0 4913.43 5 0215.29 466.00 399 135 8.33E-05 44.7
4 0 5301.07 11 0305.48 605.00 551 109 1.83E-04 30.2
5 0 5875.76 8 0142.56 814.00 750 129 1.33E-04 35.4
Net Sample Counts Within Peak Regions Generated: 12-JUL-2007 15:46:22.44
Pk It Energy Area  Bkgnd FWHM Channel Left Pw Cts/Sec %Err Fit
1 0 3951.03% 346 0170.43 127.78 76 1Q5 3.39E-02 5.4
2 0 4633.53%* 350 0149.09 366.61 293 107 3.43E-02 5.3
3 0 4882.55%* 152 0263.43 454.95 399 135 1.49E-02 8.1 -
4 0 5356.83*% 320 0 47.01 625.07 551 109 3.14E-02 5.6
5 0 7.8

5913.62% 0 0 2.92 828.00 750 129-3.53E-0530

Flag: "*" = Peak area was modified by background subtraction

LI



VMS Nuclide Identification Report V3.0 Generated 12-JUL-2007 15:46:23

Configuration MCAOQ : [AMSCOUNT] 0002107251
Analyses by :

Sample title : SPIKE

Sample date :

Sample ID : 01

Sample type : TH

Detector name : 009

Elapsed live time: 0 02:50:04.00
Energy tolerance : 100.00 keV
Errors propagated: Yes
Efficiency type - : Average value
Abundance limit : 75.00

Post-NID Peak Search Report

It Energy Area FWHM Channel

0 3951.03% 346170.43 127.78
0 4633.53*%* 350149.09 366.61
0 4882.55% 152263.43 454.95"
0 5356.83%* 320 47.01 625.07
0

5913.62% 0 2.92 828.00

Left

76
293
399
551
750

Pw %Err

105 10:8
107 10.7
135 16.3

109 11.2

129615.6

5-JUL-2007 00:00:00 Acguisition date
Sample quantity
Sample geometry
Detector geometry:
Elapsed real time:
Half life ratio
Systematic Error : .
Efficiencies at

C Fit

ROIPEAK V1.2, PEAKEFF V2.2,ENBACK V1.6,NID V3.3

;- 12-JUL-2007 12:37:10

1.0000 gram

0 02:50:04.00 0.0

8.00
3.00

Q

k]

Peak Energy

Nuclides, Activity

TH-232
TH-230
TH229

TH-228
TH-227

pCi/gram
61
.68

.04
.30

NP

-4.930E-03



Eberline Services
Oak Ridge Laboratory

ALPHA SPECTROMETRY REPORT
12-JUL-2007 15:46:35

R I L I I I A I I I T T I I ™

Spectral File: ND_AMS ARCHIVE_R:R_0707017A-TH$02_TH.CNF

R L e oy R 22 2 2 2 T L T R R R TR L R R R R R R R g g g
*

SAMPLE ID: 02

BATCH ID: 0707017A-TH *

SAMPLE DATE: 12-JUL-2007 00:00 * ALIQUOT: ' 1.000E+00 gram

SAMPLE TITLE: BLANK * DETECTOR NUMBER: 010

ACQ DATE: ; 12-JUL~2007 12:37 * AVERAGE EFFICIENCY: 20.27%
ELAPSED LIVE TIME: 10201.- * RECOVERY : 49.34%
TRACER ID:’ TH-18A * TRACER FWHM (kev) : 86.40

LAMBDA VALUE: 233. * ROI TYPE: STANDARD

TRACER DPM AT SAMPLE DATE: 5.230 * CONFIDENCE FACTOR: 4.65

SAMPLE MATRIX: SOIL * LLD CONSTANT: 2.71

ENERGY CAL DATE: 6-JUL-2007 07:08 * EFF CAL DATE: 6~-JUL-2007 07:08

BKG FILENAME: B 010_6JULO7 * BKG ELAPSED TIME: 60005.

*
khkhkhkhkhkkhkhkhkhkkkhkhkkhkkhkkhkhkhkhkkhkhhhkhhhhkhkkhkkkhkhkhkkkhkhkhkkhkkhkkhhkhhkhhhhkhkhhkhkhkhhkhkhhhhkhhhhkhkhkhhhhkhkdhkkikdhk

NUCLIDE ACTIVITY SUMMARY

NUCLIDE ENERGY NET BKG  %ABN ACTIVITY TPU/ERROR MDC
AREA . pCi/ gram 2-SIGMA pCi/ gram
TH-227 5850.0 1.32 0.68 97.5 3.588E-02 7.954E-02 1.779E-01
TH-228 5406.0 4.64 1456 99.9 1.231E-01 1.358B-01 2.156E-01
TH229 4872.0 88.49 0.51 99.5 2.356E+00 5.485E-01 1.606E-01
TH-230 4672.0 . 5.49 0.51 99.8 1.457E-01 1.357E-01 1.601E-01
‘TH-232 3897.0 A 1.49 0.51 100.0 3.948E-02 7.715E-02 1.598E-01

kkhkkhkkkhkhhkkhkhkhhhhhkkhkhhhkhkhkhkhkhhkhkhkkhkhkhhkhhkhkhkhkhkhkhhkhkhkhhkkhkhhkhhhkhhhkhkkhhkhkhkhkhkhkdhkk

*%% Tracer FWHM > 80.0 Kev * kK
ot A2l
Analyst Date ‘

Ul

Dateée

Reviewer
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AMS_ARCHIVE_R:R_0707017A-TH$02_TH

Channel Contents for ND

Channel
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Eberline Services
Oak Ridge Laboratory

Generated:

Gross Sample Counts Within Peak Regions 12-JUL-2007 15:46:31.77

Acquisition Start: 12-JUL-2007 12:37:22.01
Real Time: O 02:50:01.00
Sample Id: 02 o

Detector ID: 10

Live Time: 0 02:50:01.00
Batch Id: 0707017A~-TH
Sample Type: TH

Pk It Energy Area Bkgnd FWHM Channel Left Pw Cts/Sec %Err Fit
1 0 3917.41 2 0105.86 139.50 101> 99 1.96E-04 70.7
‘2 0 4627.14 ) 6 0 0.00 2373.83 306 102 5.88E-04 40.8
3 0 4889.53 89 0 86.40 462.02 407 127 8.72E-03 10.6
4 0 5257.95 6 0 3.11 587.33 550 104 5.88E-04 40.8
5 0 5867.02 2 0174.36 798.50 740 124 1.96E-04 70.7
1
Background Counts Within Peak Regions Generated: 12-JUL-2007 15:46:33.89

Acquisition Start:

6-JUL=2007 15:28:27.01
Real Time: :

Live Time: 0 16:40:05.00 0 16:40:05.00

Pk It Energy Area Bkgnd FWHM Channel Left Pw Cts/Sec $Err Fit
1 0 3949.70 3 0 18.22 150.00 101 99 5.00E-05 57.7
2 0 4574.71 3 0260.56. 356.50 306 102 5.00E-05 57.7
3 0 4912.84 3 0269.86 470.00 407 127 5.00E-05 57.7
4 0 5299.82 8 0189.22 601.50 550 104 1.33E-04 35.4
5 0 5878.52 4 0254.35 801.50 740 124 6.67E-05 50.0
Net Sample Counts Within Peak Regions Generated: 12-JUL-2007 15:46:34.19

Pk It Energy - Area Bkgnd FWHM Channel Left Pw Cts/Sec %Err Fit
1 0 3917.41%* 1 0105.86 139.50 101 99 1.46E-04 96.9
2 0 4627.14% 5 0 0.00 373.83 306 102 5.38E-04 44.9
3 0 4889.53% 88 0 86.40 462.02 407 127 8.67E-03 10.7 -
4 0 5257.95%* 5 0 3.11 ©587.33 550 104 4.55E-04 53.8
5 0 65867.02% 1 ‘ 0174.36 798.50 740 124 1.29E-04110.2

Flag: "*" = Peak area was modified by background subtraction



VMS Nuclide Identification Report V3.0 Generated 12-JUL-2007 15:46:35

Configuration

Analyses by :

Sample title : BLANK

Sample date 2

Sample ID : 02

Sample type : TH

Detector name : 010

Elapsed live time: 0 02:50:01.00
Energy tolerance : 100.00 keVv
Errors propagated: Yes ,
Efficiency type : Average value
Abundance limit : 75.00

Post-NID Peak Search Report

It Energy Area FWHM Channel
0 3917.41* . 1105.86 139.50
0 4627.14%* 5 0.00 373.83
0 4889.53% 88 86.40 462.02
0 B5257.95*%* 5 3.11 587.33
0 5867.02% 1174.36 798.50

Left

101
306
407
550
740

MCAO : [AMSCOUNT] 0002107251 o B
: ROIPEAK V1.2, PEAKEFF V2.2,ENBACK V1.6,NID V3.3

Pw %Err

99193.9
102 89.9
127 21.3
104107.6
124220.4

Sample geometry
Detector geometry:
Elapsed real time:
Half life ratio
Systematic Error
Efficiencies at

S Fit

12-JUL-2007 00:00:00 Acquisition date :- 12-JUL-2007 12:37:22
Sample quantity

1.0000 gram

0 02:50:01.00 0.0

8.00
3.00

]

Peak Energy

Nuclides

TH-232
TH-230
TH229

TH-228
TH-227

Activity
pCi/gram

1.948E-02
7.190E-02
1.16
6.073E-02
1.770E-02



ALPHA SPECTROMETRY REPORT

Eberline Services
Oak Ridge Laboratory

12-JUL-2007 15:46:46

*******************************************************************************

Spectral File: ND_AMS_ ARCHIVE_S:

S 0707017A-TH$03 TH.CNF

*******************************************************************************

BATCH ID:
SAMPLE DATE:
SAMPLE TITLE:
ACQ DATE:
ELAPSED LIVE TIME:
TRACER ID:
LAMBDA VALUE:
TRACER DPM AT SAMPLE DATE:
SAMPLE MATRIX:

ENERGY CAL DATE<:

'BKG FILENAME:

%*

*

0707017A-TH * SAMPLE ID: 03
25-MAY-2007 00:00 * ALIQUOT: 1.047E+00 gram
5601-FSS-SU3-1014 * . DETECTOR NUMBER: -~ 011
12-JUL-2007 12:37 * AVERAGE EFFICIENCY 20.66%

10201. * " RECOVERY: 72.44%

TH-18A * TRACER FWHM (kev): 151.47

232. * ROI TYPE: STANDARD

5.226 * CONFIDENCE FACTOR: 4.65

. SOIL * LLD CONSTANT: 2.71
6-JUL-2007 07:08 * EFF CAL DATE: 6-JUL-2007 07:08
B 011 6JULO7 * BKG ELAPSED TIME: 60002.

*******************************************************************************

NUCLIDE

TH-227

TH-228

TH229

TH-230

TH-232

ENERGY

5850. 0
5400.0
4872.0
4672.0

3997.0

NET
AREA

6.81

42.62

132.32

50.49

35.66

1

2

0.

0.

0.

NUCLIDE ACTIVITY SUMMARY

BKG %$ABN ACTIVITY
pCi/ gram

.19 97.5 1.186E-01

.38 99.9 7.569E~-01

68 99.5 2.249E+00

51 99.8 - 8.555E-01

34 100.0 6.031E-01

TPU/ERROR MDC
2-SIGMA pCi/ gram
1.028E-01 1.350E-01
2.871E-01 1.673E-01
4.446E-01 17112E—01
3.014E-01 1.022E-01
2.393E-01 9.170E-02

*******************************************************************************

**% Tracer FWHM > 80.0 Kev

ot

Analyst

Al sl
Rev1ewer(j 0 é/

* k%

A7

Date

7367

Date

-
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S 0707017A-TH$03 TH

AMS_ARCHIVE_S

Channel Contents for ND

Channel
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Gross Sample

Detector ID: 11

Live Time:
Batch Id:
Sample Type:

Pk It

U WN s
[eNeReNeNo)

Energy

3972.62
4660.87
4911.04
5383.07
5944 .64

0 02:50:01.00
0707017A-TH
TH

Area

36
51
133
45
8

Counts Within Peak Regions

Acquisgition Start:
Real Time:

0 3.81
0 44.29
0151.47
0 98.94
0282.79

Background Counts Within Peak Regions

Live Time:

Pk It

N W=
O OOQCO

‘Energy

3950.81
4576 .07
4914.34
5302.23
5879.35

0 16:40:02.00

Area

SRR W

Net Sample Counts Within Peak Regions

Pk It

Ol W N
QO OOO

Flag:

"4660.

Energy
3972.62%*
87%
.04%
07%*

4911
5383.
5944,

64%

Area

36
50
132
43
7

0 3.81
0 44.29

0151.47

0 98.94
0282.79

Eberline Services
Oak Ridge Laboratory

Generated:

Bkgnd FWHM Channel

Sample Id:
Left Pw
122.42 61 108
371.45 285 111
463.45 395 139
639.29 552 113
852.50 759 135

A

Generated:

Bkgnd FWHM Channel

122 .42
371.45
463.45
639.29
852.50

Left Pw

61 108
285 111
395 139
552 113
759 135

NhROTWw

OB W

Cts/Sec

.53E-03
.00E-03

.30E-02.

.41E-03
.84E-04

Acquisition Start: 6-JUL-2007

- Real Time: 0 16:40:02.

Bkgnd FWHM Channel Left Pw Cts/Sec

0124.56 114.50 61 108 3.33E-05

0141.55 340.00 285 111 5.00E-05

0115.72 464.00 - 395 139 6.67E-05

0 2.83 608.00 552 113 2.33E-04

0 4.16 826.00 759 135 1.17E-04
Generated;

Cts/Sec

.50E-03
.95E-03
.30E-02

.18E-03

.68E-04

"*" = Peak area was modified by background subtraction

$Err

l6.
14.

14.
35.

w
OO

12-JUL-2007 15:46:41.23

12-JUL-2007 12:37:41.01
0 02:50:01.00
03

Fit

12-JUL-2007 15:46:44.28 -

15:28:30.01

00
$Err

70.
57.
50.
26.
37.

VO

12-JUL-2007 15:46:

$Err

1s6.
14.

8.
15.
42.

00~ N

Fit

44 .55

Fit



VMS Nuclide Identification Report V3.0 Generated 12-JUL-2007 15:46:45

Configuration : MCAO: [AMSCOUNT] 00021072%1

Analyses by : ROIPEAK V1.2, PEAKEFF V2.2,ENBACK V1.6,NID V3.3

Sample title : 5601-FSS-SU3-1014 A
Sample date : 25-MAY-2007 00:00:00 Acquisition date :- 12-JUL-2007 12:37:41
Sample ID : 03 Sample quantity : 1.0468 gram
Sample type : TH : Sample geometry

Detector name : 011 - Detector geometry:

Elapsed live time: 0 02:50:01.00 Elapsed real time: 0 02:50:01.00 0.0%
Energy tolerance : 100.00 keVv Half life ratio : 8.00

Errors propagated: Yes Systematic Error : 3.00 %
Efficiency type : Average value Efficiencies at : Peak Energy

Abundance limit : - 75.00

Post-NID Peak Search Report

It Energy- Area FWHM Channel Left Pw %Err = Fit Nuclides Activity
pCi/gram

0 3972.62% 36 3.81 122.42 61 108 33.7 TH-232 0.437

0 4660.87%* 50 44.29 371.45 285 11l 28.3" TH-230 0.620

0 4911.04%* 132151.47 463.45 395 139 17.4 TH229 1.63

0 5383.07%* 43 98.94 639.29 552 113 31.6 TH-228 0.548

0 5944 .64%* 7282.79 852.50 759 135 84.1 TH-227 8.593E-02



Eberline Services
Oak Ridge Laboratory

ALPHA SPECTROMETRY REPORT -
12-JUL-2007 15:46:55

i R R e R R R L I,

Spectral File: ND_AMS ARCHIVE S:S 0707017A-THS$04 TH.CNF :

*******************************************************************************
*

BATCH ID: 0707017A-TH * SAMPLE ID: 04
SAMPLE DATE: 25-MAY-2007 00:00 * ALIQUOT: 1.033E+00 gram
SAMPLE TITLE: 5601-FSS-SU3-1014 * DETECTOR NUMBER: 012
ACQ DATE: - 12-JUL-2007 12:38 * AVERAGE EFFICIENCY: . 21.29%
ELAPSED LIVE TIME: 10202. * RECOVERY : 77.10%
TRACER 1ID: TH-18A * TRACER FWHM (kev): 14.38
LAMBDA VALUE: 232. * ROI TYPE: STANDARD
TRACER DPM AT SAMPLE DATE: 5.208 * CONFIDENCE FACTOR: : 4.65
SAMPLE MATRIX: - SOIL * LLD CONSTANT: 2.71
ENERGY CAL DATE: 6-JUL-2007 07:09 * -BFF CAL DATE: 6-JUL-2007 07:09
BKG FILENAME : B 012 6JULO7 * BKG ELAPSED TIME: : 60007.

*
************************************}******************************************

NUCLIDE ACTIVITY SUMMARY

NUCLIDE ENERGY NET BKG %$ABN ACTIVITY TPU/ERROR | MDC
AREA pCi/ gram 2-SIGMA pCi/ gram
TH-227 5850.0 "7.15 0.85 97.5 1.150E-01 9.475E-02 1.121E-01
TH-228 5400.0 52.98 1.02 99.9 8.689E-01 2.990E-01 1.158E-01
TH229 4872.0 144.66 0.34 99.5 2.270E+00 4.332E-01 8.509E-02
TH-230 4672.0 50.49 0.51 99.8 7.9200E-01 2.753E-01 9.437E~02
TH-232 3997.0 54.00 0.00 100.0 8.434E-01 2.864E-01 4 .233E-02

*******************************************************************************

-

. //M" " 7/@/57

Date

7/13(07

Reviewer O ] 0 Date

A
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Channel Contents for ND_AMS_ARCHIVE S:S_0707017A-TH$04 TH

Channel

!

CO0O00DO0O0O~TOOMOOODODOO0OOOODOOODD OO0 r FTONTOODOOODOONODODOOO OO0 O0O0OODOOOOOOOO
000000000002000000000000010410012001010000001.1.100000010100000000100000000

CO0OOOOOCOrOMOOOO0ODOO00OOCOLOOer e~ —OOMOMNANN—OOCODOOOOONOCDOO~OOOODOOODOOO~—0O—DOOO0O
1

OO0 O000CO0O0ONTODOOOODOLODLOE D rOrcONOMO—O0000D =m0~ 0000O~0000DOO0

O 00O~ OO0 000NO O rr OO N~ 000000 O TANCOOO 00000000000 ~0000O0

COO0O0O00OOOrONTrTDOOOCOOOOOD~OOONOCON"ONNMErOOOOOO " ~0D0D0O0DDROOODOOODOOO0DOOODDOOOO

CO0ODOO0O00OOON-OOOOOOOODOOOOOONMErNeE RO~ rO000OOONMDOOOOO00DO000O0DDDRDOODD~0000

COOOCOCOOOOONTOOOOODODODODODOOrrAIMOOD T NTANOCNODOODOOODr—rINOODOOOOOOOODDODO~ODOROCOODOOO

00\00000100230010000000000110001211000000001100000000000000000000000000000

o
o
&
)
e
S ,
]
=4
" CI% l.h e ap AR &9 l7-v L] 'D%}In (1) -% l.?. as » %&h 113 -I%hh " l-%kh na ll% ..7. » -I% Ilh L1} ..%mh (12 ll% llh (1] ll%&h " -.9.&.7- 1] II%&'?. Iﬂx%h
LB’y M —nomMm «= LN . ™M - N o Ledlia) o« w0 N o M - i b 'a) M Ll ] — N - i .
< a7 A ANINOORONMINOROONMIONOD Mok e N A R - i N N I A R R AR AR
s 89”1M1%MW%222222333333344444445%5%5556&&66667ﬂ77777788888889999999mm



Eberline Services
Oak Ridge Laboratory

Gross Sample Counts Within Peak Regions  Generated: 12-JUL-2007 15:46:50.70

Detector ID: 12 _ , Acquisition Start: 12-JUL-2007 12:38:20.01
Live Time: 0 02:50:02.00 Real Time: 0 02:50:02.00
Batch Id: 0707017A-TH Sample Id: 04
Sample Type: TH
Pk It Energy Area Bkgnd FWHM Channel Left Pw Cts/SecA%Err Fit
1 0 3985.07 54 ' 0 41.51 158.04 97 100 5.29E-03 13.6
2 0 4637.24 51 0 50.16 '377.41 306 102 5.00E-03 14.0
3 0 4892.65 145 0 14.38 464.45 408 129 1.42E-02 8.3
4 0 5388.72 54 0 30.87 635.37 553 105 5.29E-03 13.6
5 0 5864.24 8 0319.18 801.62 744 124 7.84E-04 35.4
_ , _
Background Counts Within Peak Regions Generated: 12-JUL-2007 15:46:52.52"
. Acquisition Start: 6-JUL-2007 15:28:34.01
Live Time: 0 16:40:07.00 Real Time: 0 16:40:07.00
Pk It Energy Area Bkgnd FWHM Channel Left Pw Cts/Sec %Err Fit
1 0 3952.67 0 0 0.00 146.50 97 100 O0.00E+00 0.0
2 0 4579.07 3 0153.02 356.50 306 102 5.00E-05 57.7
3 0 4917.80 2 0278.50 472.00 408 129 3.33E-05 70.7
4 0 5302.76 6 0232.59 605.00 553 105 1.00E-04 40.8
5 0 5872.78 5 0 0.00 805.50 744 124 8.33E-05 44.7
Net Sample Counts Within Peak Regions Generated: 12-JUL-2007 15:46:53.43
Pk It Energy Area Bkgnd FWHM Channel Left Pw Cts/Sec %Err Fit
1 -0 3985.07%* 54 0 41.51 158.04 97 100 5.29E-03 13.6-
2 0 4637.24%* 50 0 50.16 377.41 306 102 4.95E-03 14.2
3 0 4892.65*%* 145 0 14.38 464.45 408 129 1.42E-02 8.3
4 0 5388.72%* 53 0 30.87 635.37 553 105 5.19E-03 13.9
5 0 5864.24%* 7 0319.18 801.62 744 124 7.01E-04 39.9

Flag: "*" = Peak area was modified by background subtraction

§F



VMS Nuclide Identification Report V3.0 Generated 12-JUL-2007 15:46:54

Configuration
Analyses by
Sample title
Sample date
Sample ID
Sample type
Detector name

Elapsed live time:

Energy tolerance

Errors propagated: _
: Average value

Efficiency type
Abundance limit

Post-NID Peak Search Report

It Energy A

3985.07%*
4637.24%
4892 .65%*
5388.72%*
5864 .24~

[eNeNeNeRo)

: MCAO: [AMSCOUNT] 00021072351
ROIPEAK V1.2,PEAKEFF V2.2,ENBACK V1.6,NID V3 3

5601-FSS-8U3-1014
: 25-MAY-2007 00:00:00 Acquisition date :°
: Sample quantity
Sample geometry
Detector geometry:
Elapsed real time:
Half 1life ratio
Systematic Erxrror
Efficiencies at - :

: 04
: TH
012
0 02:50:02.00
100.00 kev
Yes

75.00

rea FWHM Channel

54 41.51
50 50.16
145 14.38
53 30.87
7319.18

158.
377.
464.
635.
801.

04
41
45
37

62

Left

97
306
408
553
744

Pw

100
102

129

105
124

$Brr

27.2
28.3
16.7
27.8
79.8

Fit

12-JUL-2007 12:38: 20
1.0333 gram

0 02:50:02.00 0.0%
8.00
3.00 %

Peak Energy

Nuclides Activity

pCi/gram
TH-232 0.650
TH-230 0.609
TH229 1.75
TH-228 0.670

TH-227 8.869E-02



Review cf QA results (Daily Pulser Check ) 12-JUL-2007 06:05:48 Page 1

Detector Parameter

Filename

__—_--—__—__.._..__..—_....__-.-__......_-..-.-_-_..—.-_._.._.-_.,-—

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41

42

43
44
45
46
47
48

APPROVAL DATE -

APPROVED BY:

ALL
ALL
OFFLINE

" OFFLINE

ALL
OFFLINE
ALL

- ALL
ALL
ALL
ALL
ALL
ALL
OFFLINE
ALL
OFFLINE
ALL
ALL

OFFLINE,
OFFLINE'

OFFLINE
ALL
OFFLINE
ALL
OFFLINE
OFFLINE
ALL
ALL
ALL
ALL
OFFLINE
ALL
ALL
OFFLINE
OFFLINE
ALL
ALL
OFFLINE
OFFLINE
OFFLINE
ALL
OFFLINE
OFFLINE
ALL
ALL
ALL
ALL

7207

Passed

Passed
Passed
Passed
Passed
Passed
Passed
Passed

Passed

Passed
Passed

Passed

Passed

Passed
Passed
Passed
Passed

Passed
Passed

Passed
Passed

Passed

Passed
Passed
Passed
Passed

APPROVAL TIME:

PROCEDURE #

D .001_NONE
D 002 NONE
D 003 NONE

D_006_NONE

D_008_NONE
D_009_NONE
D_010 NONE
D_011 NONE
D_012 NONE
D_013_NONE
D_014_NONE

'D_016_NONE

D_018_NONE
D_019 NONE

D_023_NONE -

D_025_NONE

D _028_NONE
D 029 NONE
D 030 _NONE
D 031 __NONE

D_033_NONE
D 034 NONE

-

D_037_NONE

, D 038 NONE

D_042_NONE

D 045 NONE
D 046 _NONE
D 047 NONE
D 048 NONE




SECTION IX

ANALYTICAL DATA (RADIUM-226)

133



"ejeudosdde se payienb eq pinoys synsey “ebuk) GAIND LUOJEIGIED BL} POPEasXa SSew [BNoY ,,  ‘AjLO Bjog SSOIS) 10} PaSN S| Z4YS 'SBPHONUOIPES JBUJO Jie pue Byd|y: SSOIS) 10§ pesn S| LAvS ,
: !

1 | | . . (jwy/Bw) suos sarue

_ JoLue)
' [A7A%: 14 (6/wdp) Jov Jevel)
- | | eg-eg #10S dMjawolpey
cel-eg Jeoel] oujewolpey

Adoososydeds eydjy adA] Justunnsuy

P2HIPO 0°€06 Vda - | Poulei

os xujen
b siun jonbyy
10d syun AyAnoy
74 [9ne podey
ua)sBuny I uo,&_o._n_

uopesodiod [eoiuayd jejuswuoAug | JuslD

|oo+3g602°1 G¥:60 £0/S2/S0 6V ¥L0L-€NS-SS4-109S od ¥0 200¢2/9¢/. oujpeeq qe
00+3.€91°1 G¥'60 L0/S2/S0 | 6V ¥101-€NS-SS4-109G dna | €0 200¢2/S/L peAjedsy ejeq
00+30000°L 00:00 £0/50/L0 MNV1g 8N | 20 uny
100+30000°1 00:00 20/50/.0 s01 sO1 10 9zzed opo) siskjeuy
b 1  y . 7
wwhnmhﬂ w_wumm .&M%q EMSQ ww%.wmm .Nmo.ﬂwﬂw . BUL0-20 19RJ0 HIOM
puny
9zzey : j90us sisAjeuy
£ Jo | obed Kiojesoge) abply yeo

Wd 1Z:€ 200Z/0b/L oYL | L1020-20 _ ; saojAI0g BulLIeqT



‘ejepdosdde se payiend aq pinoys synsey “ebues eAINO UCHEIGHED U} POPESOXS SSEW [BMOY ,, A0 E18g SSOID) IO} PBSN S| ZJYS “SSPIONUOIPES JBY10 [Ie pue eydiy SSOIO 1o Pash s L4VS
' {

00°L | ¥0'C |88'/8 14500°0 86200 L¥20°0 88°/8 0oLy 1'Se0L 26690 oa 0

00°'L | L6} |¥S¥8 $S00°0 96200 Zyeoo ¥S5°¥8 £'66¢ 1'8€01 80010 dna €0

00’} | 0S°C |6E£'€6 0000 60€0°0 6€20°0 6€°€6 e'gey 8'v€0l 98690 189N 20

00'L | ¥EZ |26706 G900°0 L0€0°0 Z¥20’0 1606 e8¢y 2'Gyol 960.°0 s L0
2 b 00y % 20y % {6) 1on (6) jeur4 (6) asesL (lw) peppy- | 204 % {104d) 40084}, (wdp) LoV (6) onbyry ....mmn uopoesy
dvs | dvs ueapy Aei9 do)fid ARID | JO)Id ARID | Ui ABJD | JOLLIED ARID | OLIOWOIPEY | OMIOWOIPEY | [EJOL JOORLL 109e4) oidwes | [eusopu)

| ity Jo0ug sishjeuy

ze
11020°20 g

Wd 12:€ 2002/01/L ‘pajulad



‘sjeudoudde se payyenb eq pinoys synsey ‘sbues eAINS uopeIqNED BY} Pepesoxe sSew [enjoY ,,  "AJUO B10g SSOID 10} PEsN S} Z4YS *SOPIIINUOIPE! JELO jie pue eydjy $so19) 10§ POSN S L4VS .
' !

QUVYNYvEr | 9¥:90 £0/90/20 | V1I1IHOVCr | 62:80 £0/90/20 | OQ 14

QyuVvNYvar | 9%:90 20/90/20 v dna €0
AQYVYNYVEr | 9#:90 £0/90/.0 19N <0
QuvNYvar | 9%:90 20/90/20 . 01 10
Ag auwiyloreq . Ag swl/areq Ag aleq Ag aeq asaq uonorsy
43 dog 11 dog q 01 dog 03 dag - douy daiy ) deug ybnoy daug ybnoy ojdwes | reuwiopuy
L uny
agzZey jo0ug sisAjeuy

€ 40 ¢ abieg Kiojesoqen ebpry yeo
Wd 12:€ 200Z/04/L PojulId 21020-L0 $09jAI0S SUI|I3GT



uonei0dio) feanusy) jejustuuolaug
wRIO

g

P L) W.

-}

»

o B

[x]

b

=l 5

5

g

8

‘ T - r K

0

Ak

N @

N (9

- : D &

MO L0-312'Z  (L0-31E'€  |00+310°L | - Bpod $101-€NS-S83-1005 oa 9Z2-v 0

MO AN ; 10-319'C  [10-326°C  |LO-TLLL Bnod PLOL-ENS-SS4-109S dna - 9zZZ-vy €0 -

- - - § g

ANI MO : 10-328'Z [10-T10'L |Z0-APLS Bnod MNVg g 9Zz-vy FA1) 3
MO MO SK'P0L [10+310°L |LO-29L'Z  [00+36E°) [ 1L0+390°) Bnod s01 $01 9Z2-vy 1O £A)

Beiy | Bey Beyy Bety % umouyy siun uopeaynuep; Pyeys uonoey =)
suerg van ady s so1 591 VON  |eieupsadou3)  sunsey Aapoy uend odureg SPIONN am ¥

€ 0 | abed Fu@NNNm..N FONOINO : nhmﬁho v_._0>> Aojesoqe ebpry ¥eo

NV 9G:01 2002/L 1/ :pSuLd suonejnoje) |eanhjeuy B podsy ejeq Areungjesd S90IAI8G BUIIeqT



m
-
- d e i e vt . M.
3
-
3
(113
3
g
' 2 g
..... —— ] ¢
, 3 2
' 9
- H
- . g
(2]
=
g
> E
3
L
o H
[+]
]
=l 5
2
g
A |3
o |3
N @
N o
()] &
8828 88'.8 00+312°'L §P:60 £0/52/50 oda 922V 0
vsv8 v5'p8 00+394°1 SP160 20/52/50 dna 9ZZ-vy €0 -
- =i a
- ] 3
6256 62'56 00+300°} 00:00 £0/50/20 1N 9ZZ-vd 20
16'06 16°06 00+300°} 00:00 20/50/L0 $01 0zz-vy L0 (7))
=
s} /ee owitL/eeq 204 % 28y % 20N % jonbyjy sjeq 1 oseq uopoeld
:..ﬁm a 0 dog dvs veoyy ARID aynewopey ajdwes ejduweg ojcwes SPIPNN an ¥
.
¢ 40 7 obey Ll-9¢ce¥-L 1020-20 A9pJO Y OM Kioyeioqe obpry yeo

WV 9G:01 L002/LL/L ‘pojuld

suofje|naje) [eanAjeuy B Loday eleq Aleunwyeid

SeoJAI8g 8uIlIeqs




uonel0dio) jeoiway) jeIusLIUCIIAUT

! Q
1

m

o

=N 5

o H

)

a

~ K

[o]

&

b

A 3

D3

N | &

N |9

P o | &
1'0Z 203 00°L|  10+3 61°8/S0°0LL 9 20dg™y 0£:S1 20/0L/20 oa 922-vy 0

0z Z0-30Z'L| 10+322°6/20°0LL £ s9ds™y 62351 L0/03/L0 dna 9zz-vy €0 -

- S

oz £0-3 00'8| 00+3 19'¢20°04} 4 d0dg™y 82:51 L0/04/L0 18N 922V c0 u
9'02 €0-200'v| Z0+3 81'L|80°0LL ! 20dg™y L2iS1 L0/0VILO $I1 9Zz-vy - 10

u3 uuw sunop .u..uw Iepen 18180 .M_..mw_“ w..._.._&.,_wu ,whmw epiony .a..m;&
] ‘ i .
¢ 10 ¢ 9bed L-92c2ey-. —.ONO-NO -19p10 v_._0>> Kiojesoqe] ebpry yeO

WV 9G:04 200T/L1/L :pojund

suonenoje) jesnfjeuy @ podey eyeq Ateusuijaid

S9OIAIBG Bulliaq3




00’y | ¥O'T | 89°/8 0000°0LY P¥e9°GE01L ¢669°0 1 §60Z°L G¥:60 L0/52/50 y1L0L-€NS-SS4-109S oda ¥0

00°1 16°} 598 000g°56¢€ ¥50°'8€01L 800.L°0 €917} G960 20/52/S0 7L0L-€NS-SS4-109G dna €0
00°L 0S'C | 6£°€6 | 000€'SEY 1G6.°9201L | 98690 0000t 00:00 £0/50/20 v_zim 19N 20
00'4 YE'C | 16'06 000¢g'8ZY PyaL avoL 98020 00001 00:00 £0/50/20 SO SO 10
z b 204 % (10d) 40004, (wdp) Loy - (B)jonbyy jonbyy ejeq a 2saQ uopoe.ly
4vs 4vs uSwEo.ﬁ.mk olnewolpey Jagesy Jaoesy ajdues . ojdureg HIET ) o/dures Jeutsyuy
oroh @ e \ ‘eg-eg Q| 400LIL 00 [edjwsyD jejuauuodiAug :Jualld
4 abed ' .
W 12 1o | Os u1 (B/10d) 1-92Zey-21020-20 Hoday wooy Junon

Wd 12:€ 200Z/0L/L :peupd



: 66/80 0°C UOISISA

ayids xien

b Z6e9'@
b gagl 6
b zeob'e B 9869'@
6 pses e B acal *a
: 0089°0 2002/9/L |2ve'i8b) eg-eg cel-eg 0
0089°0 L002/9/L  |Tyeieht eg-eg cel-eq €0
0089°'0 2002/91L  |ZveiisL eg-eqg gel-ed 20
0089°0 - |400z0iL | 2vTieyl eg-eg cel-eq 10
uopIppy oleq Byudp
SO : laoel) xo1ddy wopnios Apnoy #10S adojosy uopoely
000°0 000 0000 000 000°0 00°0 A €101 Ao : 00S°0 100¢2/9/L Z8i'vy qg-ey 9ze-ed
opewisy 10d aewpsy 10d ajeuwfis3y ayewnsy 10d ’ (6) pasn uopippy 8jeq Bpudp #108 adojosy
Joaazy poppy. . 40413 umouy J043 Jo443 awINjon xoiddy uopnjos AiApoy
: ] g SN iho SYIC |

advNyvar Zv:9 L00Z/9/L 9zced

S[ep|u) Sseuim S[enju) uesiuyde L uepuYoa] . ajeq apoD SISAjeuy

1940 IO feusau

3 Jpou . Aojesoqe a6p1y %O
"‘Mcrw@w“moouak peind ,. JOOUSHIOAA 100kl] pue wv__nm SeDIAIDG OUIISYT



1||lﬂ|\Q »\V \\..W.J ‘e1ed , < uepIYe L

b cez"1 _ . -
& i591°1 sjueIo)

i

oda #10L-ENS-SS4-109S 0
dna $L0L-€NS-$S4-109S €0
19N MANVIE 0
SO $271 L0
by (1) jonbiy jonbyy adk) al e
I1SiQ €H PappYy J01eA g . : o By uofoely
Ajuo splios g-H ejeq jonbly SIW ejeq jonbily _ ejeq uonniia ejeq SN | S1HWeS hopesodsod jeopueus | wa| °
QivNavar £002/92/L swe.b ozzey
__ Uepuyosy auyjpeaq qe1 syunidy | spopsisheuy | uny 19pI0 YI0M
| J0 | obed , | 6661/8 0°Z UOISIOA
Y 00:6 L002/9/L ‘PoIUNd Joays}IoM jonbiy .

abpry JBO - SEMIMBS BuleqT



| (D o) % -81ea v ﬁ) / . :uejaIUYoe |

-

8620°0 1$20°0 . | od P101-ENS-SS4-1096 ¥0

96200 2ye00 dna |- dna €0
60€£0°0 6€20°0 1an MNV1g 20
L0E0°0 Zy200 SO . 801 10
(8) ) (ju) adAL : alweyo uopoel
: : NSl feutd Joyid | eue] Jo}id pappy JolIed .
oLIjaUiIARID . ejeq Jo)lid ejeq JoLue) sidwes | uopesodios feapusys jeswuonaug | 999N L
NOSNHOrQ | | 9zzey 020-.C
(jw/Bw) Jouey . apo9
uepiuyeL 209 J9LED olJoWIARIS) - spsAleuy und 19PI0 oM
Ljoi mm.mn_ . 1% g 666L/6 0') UOISIBA
Wd 20} 2002/0L/L :pajuld H.QQE—WV_LOB U_.-u.m—.:_>m-_0 abpiy ¥eQ - seoiAleg auleqy



t0-9-L | Y,

LZ1G 'ON 9bed 9zzey :sisAjeuy yooqbo daid ybnoy :sigAjeuy:eieq , iuepuyds
L (sjuawiwiod 89s) J8Y30 :L ‘Ysny Yy ‘plezeq g0d :d ‘piezeH o_cmm,_o :0 ‘I0H H , sepo) [eeds
_ SWBLULLOD)

0091°6851 0059'v681 00082 $10L-€NS-SS:-1.09S 0
ojuj M §d3T M Aig mia IMIPM " IMued . alvelo uopde.d
Jejoads BLIWERD {B) ssoun {B) aap) |uopesodion jeonueyg euewuonaug | sullieqy
- VT113HOVdr L002/L/L L002/9/L , L002/S/L £002/92/L
uROIUYSAY pawinjey aeq pajeas ajeq daud ui paajessy eyed auypeaq qen _ JOpIO WOM
. , 6661/8 0'C UOISISA
Ljo | ebed yoog 6o yooqBo daid

WV 62:8 L002Z/9/L :Pejuld uonjesedald ajdweg ybnoy abpiy e - sedlnieg auleqs



Eberline Services .
Oak Ridge Laboratory

ALPHA SPECTROMETRY REPORT
11-JUL-2007 10:33:46

*******************************************************************************

Spectral File: ND_AMS_ARCHIVE C:C_0707017A-RAS01_RA.CNF

*****************************;******************;******************************
*

BATCH ID: ' - 0707017A-RA

* SAMPLE ID: 01
SAMPLE DATE: 5-JUL-2007 00:00 * ALIQUOT: 1.000E+00  gram
SAMPLE TITLE: SPIKE * . DETECTOR NUMBER: ‘ 001
-ACQ DATE: - 10-JUL-2007 15:27 * AVERAGE EFFICIENCY: 20.64%
ELAPSED LIVE TIME: ’ 10205. * RECOVERY: 90.97%
TRACER ID: NONE * TRACER FWHM (kev): 0.00
LAMBDA VALUE: 0. * ROI TYPE: MANUAL
TRACER DPM AT SAMPLE DATE: 0.000 * CONFIDENCE FACTOR: 4.65
SAMPLE MATRIX: SOIL * LLD CONSTANT: - . 2.71
ENERGY CAL DATE: 6-JUL-2007 07:08 * EFF CAL DATE: 6-JUL-2007 07:08
BKG FILENAME: : B_001_6JULO7 * BKG ELAPSED TIME: 60002.
*

SAF: ' 2.34
% .

A*******************************************************************************

NUCLIDE ACTIVITY SUMMARY

NUCLIDE ENERGY NET BKG %ABN ACTIVITY TPU/ERROR MDC

AREA pCi/ gram 2-SIGMA pCi/ gram
PO-218 6003.0 3497.07 3.57 100.0' 4 .935E+01 4.279E+00 3.797E-01
RN-222 5490.0 3267.79 1.19 99.9 4.614E+01 " 4.050E+00 2.572E-01

RA-226 4785.0 748.12 0.68 100.0 1.055E+01 1.391E+00 2.161E-01

*******************************************************************************

7/it/61

Date

Re\%%:;r ﬂp% » Dat7£”/ﬂ

Analyst

L
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Eberline Services
Oak Ridge Laboratory

Gross Sample Counts Within Peak Regions

Detector ID: 1 ‘
Live Time: 0 02:50:05.00
Batch Id: 0707017A-RA
Sample Type: RA°

Pk It Energy Area Bkgnd FWHM
1 0 4748.23 320 0181.00
2 0 5299.02 1397 0495.34
3 0 5809.12 1496 0 0.00

Background Counts Within Peak Regions

Generated:

Acquisition Start:

Real Time:

Sample Id:
Channel

415.56 385
603.54
780.71

Generatedﬁ

Acquisition Start:

Live Time: 0 16:40:02.00

Pk It  Energy Area  Bkgnd FWHM
1 0 4746.29 4 0 88.46
2 0 5276.30 _ 7 0402.65
3 0 5817.65 21 02l3.52

Net Sample Counts Within Peak Regions.

Pk It Energy Area  Bkgnd FWHM
1 O 4748.23%* 748 0181.00
2 0 5299.02% 3268 0495.34
3 0 5809.12%* 3497 0 0.00

Real Time:

Left

Channel
415.00 385
595.50
782.50

11-JUL-2007 10:33:39.41

10-JUL-2007 15:27:15.01 -

0 02:50:05.
01

Left Pw Cts/Sec

61 3.14E-02

508 176 1.37E-01
702 162 1.47E-01

z

00

$BErr Fit

NN Ul
A0

11-JUL-2007 10:33:44.69

6-JUL-2007
0 16:40:02.

Pw Cts/Sec

61 6.67E-05

508 176 1.17E-04
702 162 3.50E-04

15:27:59.01
00
$Err Fit
50.0

37.8
21.8

Generated: 11-JUL-2007 10:33:45.03

Channel Left
415 .56 385
603.54
780.71

Pw Cts/Sec

61 7.33E-02

508 176 3.20E-01
702 162 3.43E-01

Flag: "*" = Peak area was modified by background subtraction

[

$Brr Fit

N
() WEN )

LK)



VMS Nuclide Identification Report V3.0 Generated 11-JUL-2007 10:33:46

Configuration
Analyses by
Sample title

Sample date :

Sample ID
Sample type
Detector name
Elapsed live time:
Energy tolerance
Errors propagated:
Efficiency type
Abundance limit

: MCAO: [AMSCOUNT] 0000B28851

ROIPEAK V1.2,PEAKEFF V2.2,ENBACK V1.6,NID V3.3

SPIKE

5-JUL-2007 00:00:00

01

RA

001

0 02:50:05.00
150.00 keVv

Yes

: Average value

75.00 .

Post-NID Peak Search Report

It Energy

0 4748.23%
0 b5299.02%*
0 5809.12%*

Area

FWHM Channel

748181.00 415.56
3268495.34
3497

603.54

0.00 780.71

Left Pw %$Err

Acquisition date
Sample quantity :
Sample geometry :
Detector geometry:
Elapsed real time:
Half life ratio

Systematic Error :
Efficiencies at :

Fit
385 61 11.2
508 176 5.4
702 162 5.2

:-10-JUL-2007 15:27:15
.1.0000 gram

0 02:50:05.00 0.0%
8.00
" 3.00 %
Peak Energy

Nuclides Activity
pCi/gram
RA-226 9.60
RN-222 42 .0
PO-218 44.9



Eberline Services
Oak Ridge Laboratory’

ALPHA SPECTROMETRY REPORT
10-JUL-2007 19:58:12

Kkkkhhkh kK kR kIR AR IR IR Ik h ke hhhhhh ko hhhhhhkhhhhkhhkhhhhhhdhhhkhhhhhkhhdhhhhhhhk

Spectral File: ND _AMS_ARCHIVE_R:R 0707017A-RA$02_ RA.CNF

*******************************************************************************
*

BATCH ID: 0707017A-RA * SAMPLE 1ID:. 02
SAMPLE DATE: 10-JUL-2007 00:00 * ALIQUOT: 1.000E+00 gram
SAMPLE TITLE: BLANK * DETECTOR NUMBER: : 002
ACQ DATE: 10-JUL-2007 15:28 * AVERAGE EFFICIENCY: 20.10%
ELAPSED LIVE TIME: 10201. * RECOVERY : ' 93.39%
TRACER ID: NONE * TRACER FWHM (kev): 0.00
LAMBDA VALUE: 0. * ROT TYPE: STANDARD
TRACER DPM AT SAMPLE DATE: 0.000 * CONFIDENCE FACTOR: 4.65
SAMPLE MATRIX: SOIL * LLD CONSTANT: 2.71
ENERGY CAL DATE: 6-JUL-2007 07:08 * EFF CAL DATE: 6-JUL-2007 07:08
BKG FILENAME: B _002_6JULO7 * .BKG ELAPSED TIME: 60007.
*

SAF: 2.50
* .
*************************************:k************************#****************

NUCLIDE ACTIVITY SUMMARY

Y

NUCLIDE ENERGY NET BKG %ABN ACTIVITY TPU/ERROR MDC

AREA . pCi/ gram 2-s1cMA pCi/ gram
PO-218 6003.0 6.31 1.19 100.0 8.908E-02 1.231E—Oi 2.747E-01
RN-222 5490.0 11.31 1.19 99.9 1.5§8E;01 1.588E-01 2.748E-01
RA-226 4785.0 3.64 1.36 100.0 5.138E-02 1,008E—01 - 2.870E-01

*******b********************************_****************************************

§ et 740 /17
Analyst (/ Datéd
Rﬁé’; Aﬂ/f &% | DaZ{///ﬂ‘

L
RN
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R_0707017A-RA$02_RA

AMS_ARCHIVE_R

Channel Contents for ND

Channel
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Eberline Services
Oak Ridge Laboratory

Gross Sample Counts Within Peak Regions

Detector ID: 2

Live Time: 0 02:50:01.00
Batch Id: 0707017A-RA
Sample Type: RA

Pk It Energy Area
1 0 4748.19 2 0 79.40
2 0 5271.26 5 0342.02
5723.35 3 0128.26

3.0

Background Counts Within Peak Regions

Bkgnd FWHM_Channel

Generated:

Acquisition Start:

Real Time:
Sample Id:

Left
414 .50

594.00
751.67

1

Generatedﬁ

Acquisition Start:

Live Time: 0 16:40:07.00 Real Time: 0 16:40:07.
Pk It Energy Area Bkgnd FWHM Channel Left Pw Cts/Sec
1 O 4604.80 8 0 3.06 366.00 288 157 1.33E-04
2 0 5273.98 7 0502.08 595.00 507 177 1.17E-04
3 0 65814.82 7 0251.04 784.00 703 163 1.17E-04

Net Sample Counts Within Peak Regions Generated:

Pk It Energy Area Bkgnd FWHM Channel Left Pw Cts/Sec
1 0 4748.19%* 4 0 79.40 414.50 288 157 3.57E-04
2 0 5271.26% 11 0342.02 594.00 ‘507 177 1.11E-03
3 0 5723.35*% 6 0128.26 751.67 703 163 6.19E-04

Flag:

10-JUL-2007 19:57:31.15

10-JUL-2007 15:28:08.01

0 02:50:01.

02

Pw Cts/Sec

288 157 1.96E-04
507 177 4.90E-04
703 163 2.94E-04

00

$Err Fit
70.7
44 .7
57.7

10-JUL-2007 19:58:09.00

6-JUL-2007

15:28:03.01
00
$Err Fit
35.4

37.8
37.8

10~JUL-2007 19:58:09.40

"¥" = Peak area .was modified by background subtraction

$Err Fit
98.0
49.6
69.0



VMS Nuclide Identification Report V3.0 Generated 10-JUL-2007 19:58:10

Configuration : MCAO: [AMSCOUNT] 0002107281
Analyses by :* ROIPEAK V1.2,PEAKEFF V2.2,ENBACK V1.6,NID V3.3
Sample title : BLANK , .
Sample date : 10-JUL-2007 00: 00 00 Acquisition date :-10-JUL-2007 15:28:08
Sample ID : 02 Sample quantity : 1.0000 gram
Sample type : RA Sample geometry :
Detector name : 002 . Detector geometry: '
Elapsed live time: 0 02:50:01.00 Elapsed real time: 0 02:50:01.00 0.0%
Energy tolerance : 100.00 keVv Half life ratio : . 8.00
Errors propagated: Yes Systematic Error : 3.00 %
Efficiency type : Average value Efficiencies at : Peak Energy
Abundance limit : 75.00
Post-NID Peak Search Report
A -
It Energy . Area FWHM Channel Left Pw %Err _ Fit Nuclides Activity
pCi/gram
0 4748.19%* 4 79.40 414.50 288 157196.0 RA-226 4.798E-02
0 5271.26%* 11342.02 594.00 507 177 99.2 RN-222 0.149

0 5723.35* 6128.26 751.67 703 163138.0 PO-218 8.318E-02



Eberline Services
Oak Ridge Laboratory

ALPHA SPECTROMETRY REPORT. -
10-JUL~-2007 20:06:30

R R st s rTmmmmmrme

Spectral File: ND AMS ARCHIVE S:S 0707017A-RAS$03 RA.CNF

Kk ke kK kI kIR h Rk kAR Ak AR Rk k ke k R TR hd hdk gk ok dok sk d ddk &k o ok ok o ok o e ok o e e e ok ook o o o ok o o o ok ok
*

'BATCH ID: .~ 0707017A-RA * SAMPLE ID: - 03
SAMPLE DATE: 25-MAY-2007 00:00 * ALIQUOT: 1.164E+00 gram
SAMPLE TITLE: 5601-FSS-SU3-1014 * DETECTOR NUMBER: 003
ACQ DATE: 10-JUL-2007 15:29 * AVERAGE EFFICIENCY: 19.98%
ELAPSED LIVE TIME: 10201. * RECOVERY : 84.54%
TRACER ID: _ NONE * TRACER FWHM (kev) : 0.00
LAMBDA VALUE: ' 0. * ROI TYPE: STANDARD
TRACER DPM AT SAMPLE DATE: 0.000 * CONFIDENCE FACTOR:  4.65
SAMPLE MATRIX: SOIL * LLD CONSTANT: 2.7
ENERGY CAL DATE: 6-JUL-2007 07:08 * EFF CAL DATE: 6-JUL-2007 07:08
BKG FILENAME: B_003_6JULO7 * BKG ELAPSED TIME: 60004 .
* SAF: 1.91

*
*****************************************************************************-**

NUCLIDE ACTIVITY‘SUMMARY

NUCLIDE ENERGY NET BKG $ABN ACTIVITY TPU/ERROR" MDC

AREA a pCi/ gram 2-SIGMA pCi/ gram
PO-218 6003.0 ‘ 66.89 1.87 100.0 9.017E-01 3.156E-01 2.335E-01
RN-222 5490.0 83.23 2.72 - 99.9 1.123E+00  3.548E-01 2.674E-01
RA-226 4785.0 57.17 2.04 100.0 7.705E-01 2.920E-01 2.407E-01

*******************************************************************************

Jer ol

Analyst / Date
. ~ ,

Do 7
Reviewer 0 / éy - Date
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S_0707017A-RA$03_RA

AMS_ARCHIVE_S

Channel Contents for ND

Channel
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Eberline Services
Oak Ridge Laboratory

Gross Sample Counts Within Peak Regions Generated: 10-JUL-2007 19:58:20.40

Detector ID: 3 Acquisition Start: 10-JUL-2007 15:29:20.01
Live Time: 0 02:50:01.00 Real Time: 0 02:50:01.00
Batch Id: 0707017A~-RA Sample Id: 03
Sample Type: RA
Pk It  Energy Area Bkgnd FWHM Channel Left Pw Cts/Sec %Err Fit
1 0 4671.70 31 0 61.32 387.06 287 157 3.04E-03 18.0
2 0 5308.13 45 0375.51 604.62 506 176 4.41E-03 14.9
3 0 5834.13 - 36 ' 0345.71 788.00 700 163 3.53E-03 16.7
_,‘x H
Background Counts Within Peak Regions Generated: 10-JUL-2007 20:06:27.80
. Acquisition Start: 6-JUL-2007 15:28:06.01
Live Time: 0 16:40:04.00 Real Time: 0 16:40:04.00
Pk It Energy Area Bkgnd FWHM Channel Left Pw Cts/Sec %Err Fit
1 0 4604.49 12 0 0.00 365.00 287\157 2.00E-04 28.9
2 0 5273.69 i6 0 3.08 593.50 506 176 2.67E-04 25.0
3 0 5810.19 11 0311.46 781.00 700 163 1.83E-04 30.2
Net Sample Counts Within Peak Regions Generated: 10-JUL-2007 20:06:28.22
Pk It Energy 'Area  Bkgnd FWHM Channel Left Pw Cts/Sec 3Err Fit
1 0 4671.70% 57 0 61.32 387.06 287 157 5.60E-03 18.6
2 0 5308.13% 83 0375.51 604.62 506 176 8.16E-03 15.4
3 0 5834.13*% 67 0345.71 788.00 700 163 6.56E-03 17.2

Flag: "*" = Peak area was modified by background subtraction

Ln
P



VMS Nuclide Identification Report V3.0 Generated 10-JUL-2007 20:06:29

Configuration : MCAO: [AMSCOUNT] 00021072351

Analyses by : ROIPEAK V1.2,PEAKEFF V2.2,ENBACK V1.6, NID V3.3

Sample title : 5601-FSS-SU3-1014

Sample date . 25-MAY-2007 00:00:00 Acquisition date :.10-JUL-2007 15:29:20
Sample ID : 03 Sample quantity : 1.1637 gram

Sample type : RA ‘ Sample geometry :

Detector name : 003 Detector geometry:

Elapsed live time: 0 02:50:01.00 Elapsed real time: 0 02:50:01.00 0.0%
Energy tolerance : 100.00 keVv Half life ratio : 8.00

Errors propagated: Yes Systematic Error : 3.00 %
Efficiency type : Average value Efficiencies at : Peak Energy
Abundance limit : . 75.00

Post-NID Peak Search Report

It Energy Area FWHM Channel Left Pw $Err  Fit Nuclides Activity
pCi/gram

0 4671.70%* 57 61.32 387.06. 287 157 37.3 RA-226 0.651

0 5308.13*% 83375.51 604.62 506 176 30.8 .RN-222 0.949

0 5834.13* 67345.71 788.00 700 163 34.3 PO-218 0.762



Eberline Services
Oak Ridge Laboratory

| ALPHA SPECTROMETRY REPORT -
10-JUL-2007 20:06:58 '

Khkrkhhhkhhhhhhhhhhhhhhhhkhhhhhhhhhhhhhhhhhhhhhhdhhkdkkkhhhhk kg ks kd sk &k % % % % % & %

Spectral File: ND_AMS ARCHIVE S:S 0707017A-RA$04 RA.CNF

R R R R T T L L R R E g kRl
: *

SAMPLE ID: - 04

BATCH ID: 0707017A-RA *
SAMPLE DATE: 25-MAY-2007 00:00 * ALIQUOT: 1.209E+00 gram
SAMPLE TITLE: 5601-FSS-SU3-1014 * DETECTOR NUMBER: 006
ACQ DATE: 10-JUL-2007 15:30 * AVERAGE EFFICIENCY: 20.15%
ELAPSED LIVE TIME: 10203. * RECOVERY : 87.88%
TRACER 1D: NONE * TRACER FWHM (kev) : 0.00
LAMBDA VALUE: 0. * ROI TYPE: STANDARD
TRACER DPM AT SAMPLE DATE: 0.000 * CONFIDENCE FACTOR: 4.65
SAMPLE MATRIX: - SOIL * LLD CONSTANT: ; 2.71
ENERGY CAL DATE: 6-JUL-2007 07:08 * EFF CAL DATE: 6-JUL-2007 07:08
BKG FILENAME: o B _006_6JULO7 * BKG ELAPSED TIME: 60000.
*

SAF: 2.04
% g

*****************************************k******************’****‘k***************

NUCLIDE ACTIVITY SUMMARY

NUCLIDE ENERGY NET BKG $ABN ACTIVITY TPU/ERROR MDC
AREA pCi/ gram 2-SIGMA pCi/ gram
PO-218 6003.0 85.51 2.21 100.0 1.058E+00 3.395E-01 2.429E—01
RN-222 5490.0 106.42 1.70 99.9 1.318E+00 3.792E-01 2.216E-01
RA-226 4785.0 81.24 1.70 100.0 1.014E+00 3.310E-01 2.214E;01

**********************'k*********************************************‘***********

Jer— 7

Analyst ’ Date

Herla7

Reviewer, Date
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Channel Contents for ND_AMS_ARCHIVE_S:S_0707017A-RA$04 RA

Channel
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Eberline Services
Oak Ridge Laboratory

Gross Sample Counts Within Peak Regions Generated: 10—JUL-2007 20:06:36.55

Detector ID: 6 , Acquisition Start: 10-JUL-2007 15:30:01.01
Live Time: 0 02:50:03.00 Real Time: 0 02:50:03.00
Batch Id: 0707017A-RA _ Sample Id: 04
Sample Type: RA
Pk It Energy Area  Bkgnd FWHM Channel Left Pw Cts/Sec $Err Fit
1 0 4597.96 41 0307.29 358.85 279 167 4.02E-03 15.6
2 0 5301.86 53 0334.57 614.09 511 187 5.19E-03 13.7
3 0 5848.04 43 0378.72 816.07 718 172 4.21E-03 15.2
Background Counts Within Peak Regions Generated: 10-JUL-2007 20:06:55.63
Acquisition Start: 6-JUL-2007 15:28:17.01
Live Time: 0 16:40:00.00 Real Time: 0 16:40:00.00
Pk It Energy Area  Bkgnd FWHM Channel ©Left Pw Cts/Sec %Err Fit
1 0 4604.16 10 0 2.88 362.00 279 167 1.67E-04 31.6
2 0 5271.18 10 0339.51 604.00 511 187 1.67E-04 31.6
3 0 5810.03 13 0302.11 803.50 718 172 2.17E-04 27.7
Net Sample Counts Within Peak Regions Generated: 10-JUL-2007 20:06:56.11
Pk It Energy Area  Bkgnd FWHM Channel Left Pw Cts/Sec $Err Fit
1 0 4597.96%* 82 0307.29 358.85 ' 279 167 8.03E-03 16.0
2 0 5301.86* 106 0334.57 614.09 511 187 1.04E-02 14.0

3 0 5848.04%* 86 0378.72 816.07 718 172 8.38E-03 15.7

Flag: "*" = Peak area was modified by background subtraction

0y
Vd



VMS Nuclide Identification Report V3.0 Generated . 10-JUL-2007 20:06:57

Configuration : MCAO: [AMSCOUNT] 0002107281 _ -

Analyses by : ROIPEAK V1.2,PEAKEFF V2.2,ENBACK V1.6,NID V3.3

Sample title : 5601~-FSS-8SU3-1014

Sample date : 25-MAY-2007 00:00:00 Acquisition date : 10-JUL-2007 15:30:01
Sample ID : 04 Sample quantity : 1.2095 gram

Sample type . : RA Sample geometry :

Detector name : 006 Detector geometry: '

Elapsed live time: 0 02:50:03.00 Elapsed real time: 0 02:50:03.00 0.0%
Energy tolerance : = 100.00 keV Half life ratio : 8.00 ‘
Errors propagated: Yes Systematic Error : 3.00 %
Efficiency type : Average value Efficiencies at : Peak Energy
Abundance limit : 75.00

Post-NID Peak Search Report

It Energy -Area FWHM Channel Left Pw $Err Fit Nuclides Activity
pCi/gram

0 4597.96%* 82307.29 358.85 279 167 31.9 RA-226 0.891

0 ©5301.86%* 106334.57 614.09 511 187 2F.9 RN-222 1.16

0 5848.04%* 86378.72 816.07 718 172 31.3 ' PO-218 0.930



Review of QA results (Daily Pulser Check ) 10-JUL-2007 07:09:08 Page 1

‘Detector Parameter Flag ' Filename
1 ALL Passed D_001_NONE
2 - ALL Passed D 002 _NONE _
3 ALL - Passed D_003_ NONE
4 OFFLINE :
5 - OFFLINE
6 ALL Passed D 006_NONE
7 - OFFLINE :
8 ALL . Passed D _008_NONE
9 © ALL Passed D 009 NONE
10 ALL ) Passed D 010 NONE
11 ALL . Passed D 011 NONE
12 ALL Passed D_012 NONE
13 ALL Passed D 013 _NONE
14 ALL - Passed D_014 NONE
15 OFFLINE . '
16 ALL C Passed . D_0l16_NONE
17 OFFLINE . ,
18 ALL Passed " D_018_NONE
’ - 19 ALL Passed D_019 NONE
20 OFFLINE
21 OFFLINE
22 OFFLINE
23 ALL Passed D_023_NONE
24 OFFLINE ' .
25 ALL Passed- D 025 NONE
26  OFFLINE :
27 OFFLINE
28 ALL Passed D o028 NONE
29 ALL Passed D 029 | _NONE
30 - ALL - Passed D 030 NONE
31 ALL Passed D 031 NONE
32 OFFLINE
33 ALL ' Passed D_033_NONE
34 ALL : Passed D 034 NONE
35 OFFLINE ’
36 - OFFLINE -
37 ALL _ Passed D_037_NONE
38 ALL Passed D 038 NONE
39 " OFFLINE '
40 OFFLINE
41 OFFLINE
42- - ALL Passed D_042_NONE
43 OFFLINE , ’
44 OFFLINE K _
45 "ALL ‘Passed D_045_NONE
46 ALL Passed. D_046 NONE
47 OFFLINE
48 ALL Passed D_048_NONE
APPROVAL DATE: Fto- 2 APPROVAL TIME:
APPROVED BY: La PROCEDURE #




SECTION X

ANALYTICAL DATA (RADIUM-228)

ole
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SECTION X1

BARIUM:133 ANALYTICAL TRACER DATA
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VAX/VMS Peak Search Report Generated 10-JUL-2007 14:02:59.11

Configuration : DKAlOO:[GAMMA.SCUSR}ARCHIVE]SMP_O70701701_GE3_BAFIL_111960.CN
Analyses by : PEAK V16.9 PEAKEFF V2.2
Client ID : SPIKE
Deposition Date
Sample Date : 10-JUL-2007 00:00:00 Acquisition date : 10-JUL-2007 13:47:43
Sample ID : 0707017-01 Sample Quantity : 1.00000E+00 filter
Sample type : FILTER ' Sample Geometry : O
Detector name : GE3 Detector Geometry: BAFIL
Elapsed live time: 0 00:15:00.00 . Elapsed real time: 0 00:15:01.32 .0.1%
Start channel =~ : 25 , End channel : 4096
Sensitivity * 3.00000 Gaussian : 10.00000
Critical level : No ' '
Pk It Energy ~ Area Bkgnd FWHM Channel Left{ Pw Cts/Sec %Err Fit
1 3 62.38 335 60 1.75 63.08 59 17 3.72E-01 6.5 5.87E+00
2 3 66.31 144 56 1.76 67.01 59 17 1.60E-01 13.2
3 3 71.43 27 53 1.77 72.13 59 17 2.95E-02 48.0
4 2 77.59 23 35 1.62 78.28 - 77 15 2.57E-02 39.0 4.28E+00
5 2 81.53 - 933 53 1.46 82.22 77 15 1.04E+00 3.4
6 0 94.12 75 88 2.85 94.81 - 91 10 8.34E-02 26.0
7 3 -112.38 272 73 1.86 113.06 108 13 3.02E-01 7.9 1.37E+00
8 3 116.86 64 60 1.87 117.54 108 13 7.11E-02 24.6
9 O 128.18 18 54 1.92 198.82 196 6 2.00E-02 68.3
10 O 239.59 ' 30 51 1.23 240.21 236 8 3.31E-02 46.2
11 O 277.35 52 36 1.37 277.95 275 7 5.74E-02 23.6
12 2 303.59 1589 23 1.56 304.18 301 20 1.77E-01 8.9 2.87E+00
13 2 308.15 27 25 1.93 '308.74 301 20 3.05E-02 36.3
14 1 334.52 o4 20 1.78 335.10 . 331 12 1.04E-01.12.2 3.19E+00
15 1 338.59 20 16 1.78 339.16 331 12 2.24E-02 44.8
i6 5 356.82 569 8 1.49 357.39 353 20 6.32E-01 4.2 1.43E+00
17 5 365.67 19 5 2.64 366.24 353 20 2.14E-02 41.5
i8 O 377.56 20 8 1.35 378.11 374 8 2.27E-02 32.5
19 5 384.46 156 3 1.94 385.02 382 16 1.74E-01 8.2 1.12E+01
20 5 387.81 229 1 1.82 388.36 382 16 2.55E-01 7.1
21 5 392.11 56 0 2.14 392.66 382 16 6.19E-02 21.9
22 3 415.56 56 11 2.23 416.10 413 14 6.20E-02 17.5 1.60E401
23 3 418.97 36 7 2.24 419.51 413 12 4.064E-02 28.2
24 3 422.89 15 4 2.24 423.43 413 14 1.67E-02 47.6
25 0 438.13 99 11 1.96 438.66 434 ° 8 1.10E-01 11.5
26 O 462.77 7 0 1.16 463.29 460 6 7.78E-03 37.8
27 3 468.66 27 0 2.28 469.18 466 14 3.04E-02 20.4 1.45E+00
28 3 471.84 .6 0 2.08 472.36 466 14 6.25E-03100.5 :
29 0O 511.43 21 4 3 4

.07 ~511.93 509 8 2.33E-02 27.
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Summary of Nuclide Activity
Sample ID 0707017-01

Total number of lines in spectrum
Number of unidentified lines

Number of lines tentatively identified by NID 4

Nuclide Type : FISSION
» Wtd Mean
Uncorrected
Nuclide Hlife  Decay pCi/filter
BA-133 10.50Y 1.00 4.282E+02
Total Activity 4 .282E+02
Nuclide Type NATURAL
Wtd Mean
Uncorrected
Nuclide Hlife Decay pCi/filter
TH-234 4.47E+09Y 1.00 6.963E+02
Total Activity 6.963E+02
‘Grand Total Activity 1.125E+03 .

Flags: "K"

"E"

Keyline not found
Manually edited

: Page
Acquisition date 10-JUL-2007 13:47:43
.29 -
25
13.79%
Wtd Mean
Decay Corr Decay Corr 2-Sigma
pCi/filter 2-Sigma Error
4.283E+02 0.794E+02 18.53
4 .283E+02
Wtd Mean s
Decay Corr Decay Corr 2-8igma
pCi/filter 2-Sigma Error
6.963E+02 1.013E+02 14.54
6.963E+02
1.125E+03
"M Manually accepted

"AM Nuclide specific abn. limit

%$Error Flags

$Error Flags



Nuclide Line Activity Report ’ . Page : 3
Sample ID : 0707017-01 Acquisition date : 10-JUL-2007 13:47:43

Nuclide Type: FISSION )
Uncorrected Decay Corr 2-Sigma

Nuclide  Energy $Abn $Eff pCi/filter pCi/filter %Error Status

BA-133 81.00 - 33.00* 1.982E+01 4.282E+02 4.283E+02 18.53 OK
302.84 17.80 5.790E+00 4.634E+02 4 _.634E+02 33.88 OK
356.01 60.00 6.459E+00 4.408E+02 4.408E+02 17.72 OK

.4.283E+02+/- 7.937E+01 ( 18.53%)

Final Mean for 3 Valid Peaks

Nuclide Type: NATURAL E
Uncorrected Decay Corr 2-Sigma

Nuclide Energy $Abn $Eff pCi/filter pCi/filter %Error Status
TH-234 63.29 3.80* 3.797E+01 6.963E+02 6.963E+02 14.54 OK
Final Mean for 1 Valid Peaks = 6.963E+02+/- 1.013E+02 ( 14.54%)

Flag: "*" = Keyline
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Combined Activity-MDA Report
Sample ID : 0707017-01

———- Tdentified Nuclides ----

" Activity Act ‘error
Nuclide (pCi/filter)
BA-133 4.283E+02 7.937E+01

TH-234 6.963E+02 1.013E+02

---~- Non-Identified Nuclides ----

Key-Line

Activity K.L. Act error
Nuclide (pCi/filter) Ided
CO-57 1.439E+00 8.140E+00
CD-109 -1.396E+02 ~ 1.364E+02
PA-231 0.000E+00 0.000E+00
PA-234 0.000E+00 0.000E+00
NP-237 -2.447E+01 3.953E+01

AM-241 7.790E+00 5.058E+00

Acquisition date

MDA
(pci/filter)

1.920E+01
7.932E+01

MDA
(pCi/filter)

1.353E+01
1.635E+02
1.933E-01
1.251E-01
5.143E+01
9.266E+00

Page

4

10-JUL-~2007 13:47:43

MDA error

-3.213E+00
4.187E+00

MDA error -

2.880E+00
1.984E+01
3.873E-03
2.507E-03
6.014E+00
4.080E-01

Act /MDA

22.305
8.778

Act /MDA

0.106
-0.854
0.000
0.000
-0.476
0.841

[Xx
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VAX/VMS Peak Search Report Generated 10-JUL-2007 14:18:39.60

Configuration :'DKA100:[GAMMA.SCUSR.ARCHIVE]SMP_O70701702_GE3_BAFIL_111963.CN
Analyses by : PEAK V16.9 PEAKEFF V2.2
Client ID : BLANK
Deposition Date :
Sample Date . 10-JUL-2007 00:00:00 Acquisition date : 10-JUL-2007 14:03:17
Sample ID : 0707017-02 Sample Quantity : 1.00000E+00 filter
Sample type : FILTER Sample Geometry : 0
Detector name : GE3 : Detector Geometry: BAFIL
Elapsed live time: 0 00:15:00.00 Elapsed real time: 0 00:15:01.22 0.1%
Start channel : 25 End channel : 4096
Sengitivity : 3.00000 Gaussian : 10.00000
Critical level : No
Pk It Energy Area Bkgnd FWHM Channel ©Left, Pw Cts/Sec %Err Fit
1 1 - 62.26 250 74 1.45 62.96 59 12 2.78E-01 8.0 2.40E+00
2 1 66.36° 131 79 1.46 67.06 59 12 1.46E-01 12.9
3 0 81.51 948 119 1.34 82.20 78 8 1.05E+00 3.8
4 0 102.49 31 60 1.77 103.18 100 . 6 3.44E-02 43.7
5 3 112.34 271 58 1.71 113.02 109 22 3.01E-01 7.3 1.33E+00
6 3 116.62 68 66 1.86 117.29 109 22 7.52E-02 25.6
7 0 131.59 16 41 2.14 132.26 130 5 1.73E-02 66.5
8 0 277.78 60 54 1.44 278.38 274 9 6.68E-02 25.8
9 1 303.51 168 13 1.63 304.10 298 14 1.87E-01 8.3 9.84E-01
10 1 308.33 52 9 1.76 308.92 298 14 5.78E-02 17.0
11 3 334.39 83 22 1.78 334.97 330 22 9.20E-02 13.6 7.80E-01
12 3 338.70 22 18- 2.16 339.28 330 22 2.44E-02 44.8
i3 3 346.67 g8 14 2.17 347.24 330 22 8.87E-03 94.4
14 O 356.86 607 19 1.90 357.43 352 11 6.74E-01 4.3
i5 1 384.45 171 12 1.82 385.00 382 16 1.90E-01 7.6 3.98E+01
16 1 387.61 247 10 1.82 388.17 382 16 2.74E-01 8.1
17 1 391.61 46 8 1.83 392.17 382 16 5.12E-02 27.3
18 1 415.63 37 24 1.85 416.17 412 11 4.11E-02 26.1 3.97E+00
19 1 419.29 16 24 1.85 419.83 412 11 1.76E-02 57.0
20 O 437.92 112 7 1.88 438.45 434 9 1.25E-01 10.3
21 3 465.16 5 0 2.28 465.68 464 8 5.87E-03 42.3 2.52E-01
22 . 3 468.78 20 0 1.87 469.30 464 8 2.25E-02 24.7
23 0 473.38 10 0 1.99 473.90 472 5 1.11E-02 31.6
24 0 485.43 11 4 1.53 485.94 483 8 1.17E=02 45.5
25 0 511.48 22 2 4.10 511.98 507 . 9 2.41E-02 24.9
26 1 607.72 5 1 1.98 608.18 607 9 5.47E-03 36.6 5.64E-01
27 1 610.73 S 1 1.98 611.18 607 9 1.02E-02 42.5
28 O 840.65 : 8 0 1.20 841.00 838 6 8.89E-03 35.4

L]
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Summary of Nuclide Activity . ' Page : 2

Sample ID : 0707017-02 Acquisition date : 10-JUL-2007 14:03:17 -
Total number of lines in spectrum 28 -
Number of unidentified lines 23
Number of lines tentatively identified by NID 5 17.86%
Nuclide Type : FISSION
Wtd Mean Wtd Mean
Uncorrected Decay Corr Decay Corr 2-Sigma
Nuclide Hlife Decay pCi/filter pCi/filter 2-Sigma Error %Error Flags
BA-133 10.50Y 1.00 4.353E+02 4 .353E+02 0.819E+02 18.82
Total Activity : 4.353E+02 4 .353E+02
Nuclide Type : NATURAL
Wtd Mean Wtd Mean \
Uncorrected Decay Corr 'Decay Corr 2-Sigma
Nuclide Hlife Decay pCi/filter pCi/filter 2-Sigma Error %Error Flags .
TH-234 4.47E+09Y 1.00 5.199E+02 5.199E+02 0.898E+02 17.28
Total Activity : 5.199E+02 5.199E+02 .
Grand Total Activity : 9.551E+02 9.552E+02
Flags: "K" = Keyline not found "M" = Manually accepted
"E" = Manually edited "A" = Nuclide specific abn. limit

picws
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Nuclide Line Activity Report | ' Page : 3
Sample ID : 0707017-02 Acquisition date : 10-JUL-2007 14:03:17

- i

Nuclide Type: FISSION .
Uncorrected Decay Corr 2-Sigma

Nuclide Energy %Abn $Eff pCi/filter pCi/filter %Error Status

BA-133 81.00 33.00* 1.982E+01 4.353E402 4 .353E+02 18.82 OK
302.84 17.80 5.790E+00 4.899%E+02 4.900E+02 33.29 OK
356.01 60.00 6.459E+00 4.702E+02 4.702E+02 17.81 OK

Final Mean for 3 Valid Peaks 4.353E+02+/- 8.192E+01 ( 18.82%)

Nuclide Type: NATURAL .
Uncorrected Decay Corr 2-Sigma

Nuclide Energy %Abn $Eff pCi/filter pCi/filter %$Error Status
TH-234 63.29 3.80* 3.797E+01 5.199E+02 5.199E+02 17.28 OK
Final Mean for 1 Valid Peaks = 5.199E+02+/- 8.981E+01 ( 17.28%)

Flag: "*" = Keyline

G



Combined Activity-MDA Report - Page : 4
Sample ID : 0707017-02 Acquisition date : 10-JUL-2007 14:03:17

~--- Identified Nuclides ----

Activity Act error MDA MDA error Act /MDA
Nuclide (pCi/filter) (pCi/filter)
BA-133 4.353E+02 8.192E+01 1.627E+01 2.722E+00 26.762

TH-234 5.199E+02 8.981E+01 9.741E+01 5.142E+00 5.337

~---- Non-Identified Nuclides ----

Key-Line _

Activity K.L. Act error MDA MDA error Act /MDA
Nuclide (pCi/filter) Ided (pCi/filter)
CO-57 -6.347E+00 8.748E+00 1.273E+01 2.710E+00 -0.499
CD-109 5.583E+01 1.153E+02 1.971E+02 2.391E+01 0.283
PA-231 0.000E+0O 0.000E+00 1.933E-01 3.873E-03 . 0.000
PA-234 0.000E+00 0.000E+00 1.251BE-01 2.507E-03 0.000
NP-237 1.906E+01 3.259E+01 5.627E+01 6.579E+00 0.339
AM-241 6.640E+00 5.287E+00 9.440E+00 -4.157E-01 0.703

LEN
W
1
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VAX/VMS Peak Search Report Generated 10-JUL-2007 14:34:38.41

Configuration : DKA100: [GAMMA.SCUSR.ARCHIVE] SMP_070701703_GE3_BAFIL 111964.CN
Analyses by : PEAK V16.9 PEAKEFF V2.2
Client ID - : 5601-FSS~-SU3-1014
Deposition Date ‘ ,
Sample Date : 10-JUL-2007 00:00:00 Acquisition date : 10-JUL-2007 14:19:20
Sample ID : 0707017-03 Sample Quantity : 1.00000E+00 filter
Sample type’ : FILTER Sample Geometry : 0
Detector name : GE3 Detector Geometry: BAFIL
Elapsed live time: 0 00:15:00.00 Elapsed real time: 0 00:15:01.16 0.1%
Start channel : 25 End channel : 4096
Sensitivity : 3.00000 Gaussian : 10.00000 -
Critical level : No
Pk It  Energy Area  Bkgnd FWHM Channel Left, Pw Cts/Sec %Err Fit
1 1 62.31 282 55 1.45 63.01 59 11 3.13E-01 7.3 9.50E+00
2 1 66.17 102 56 1.46 66.87 59 11 1.13E-01 15.6
3 1 81.44 861 51 1.48 82.13 78 11 9.57E-01 3.6 6.18E+00
4 1 - 84.18 32 3% 1.49 84..86 78 11 3.53E-02 59.7
5 1 112.21 228 48 1.53 112.88 109 16 2.53E-01 8.2 3.54E+00
6 1 116.46 39 46 1.54 117.14 109 16 4.30E-02 33.0
7 2 237.70 13 30 1.86 238.32 235 16 1.42E-02 75.7 7.84E-01
8 2 246.13 13 30 1.87 246.75 235 16 1.42E-02 73.6
9 O 277.15 50 53 1.30 277.76 274 8 5.53E-02 29.2
10 O 303.79 162 32 1.55 304.38 299 8 1.80E-01 9.9
11 3 334.32 79 12 1.89 334.90 330 14 8.77E-02 13.9 3.19E+00
12 3 338.98 27 ’ 12 2.16 339.56 330 14 2.96E-02 33.1
13 0 356.80 545 17 1.91 357.37 352 11 6.06E-01 4.5 : :
14 1 384.44 129 . 16 1.82 384.99 382 10 1.43E-01 10.6 6.68E+00 -
15 1 387.61 213 42 1.81 388.17 382 10 2.37E-01 2.4
16 O 407.13 12 6 3.24 407.68 403 8 1.33E-02 45.6
17 3 412.67 8 2 2.03 413.21 411 16 8.65E-03 46.3 2.06E+00
18 3 415.55 : 49 5 2.23 416.09 411 16 5.42E-02 19.0
i9 3 419.02 25 6 2.24 419.56 411 16 2.80E-02 37.7
20 3 422.90 14 7 2.24 423.44 411 16 1.54E-02 51.1
21 1 433.64 6 1 1.86 434.17 433 9 6.93E-03 33.0 4.62E4+00
22 1 437.60 95 1 1.64 438.13 433 9 1.06E-01 10.8
23 0 469.16 22 9 I.96 469:.68 466 € 2.45E-02 30.2
24 0 511.68 16 2 3.97 512.17 508 8 1.78E-02 29.2
25 0 599.67 8 0 2.83 600.12 597 6 8.89E-03 35.4

N



Summary of Nuclide Activity

Sample ID 0707017-03 Acquisiti
Total number of lines in speétrum 2
Number of unidentified lines 2
Number of lines tentatively identified by NID

Nuclide Type FISSION

Wtd Mean Wtd Mean

Uncorrected Decay Corr

Nuclide Hlife Decay pCi/filter ©pCi/filter
BA-133 -10.50Y 1.00 3.952E+02 3.953E+02
Total Activity 3.952E+02 3.953E+02

Nuclide Type : NATURAL _

Wtd Mean Wtd Mean

Uncorrected Decay Corr

Nuclide Hlife Decay pCi/filter pCi/filter

TH-234 4.47E+09Y 1.00 5.869E+02 5.869E+02

Total Activity : 5.86%E+02 5.869E+02

Grand Total Activity 9.821E+Q2 9.822E+02
Flags: "K" = Keyline not found "M" =

"E" = Manually edited "A" = Nucl

Page : 2
on date 10-JUL-2007 14:19:20
5 -
1
4 16.00%
Decay Corr 2-Sigma
2-Sigma Error %Error Flags
0.738E+02 18.68
] : .
‘Decay Corr 2-Sigma
2-Sigma Error $%$Error Flags
0.946E+02 16.11

Manually accepted

ide specific abn. limit



Nuclide Line Activity Report ' Page

3

Sample ID : 0707017-03 Acquisition date : 10-JUL-2007 14:19:20

Nuclide Type: FISSION S
' Uncorrected Decay Corr 2-Sigma

Nuclide  Energy %$Abn SEff pCi/filter pCi/filter %Error Status

BA-133 81.00 33.00* 1.982E+01 3.952E+02 3.953E+02 18.68 OK
302.84 17.80 5.790E+00 4.720E+02 4.720E+02 35.00 . OK
356.01 60.00 6.459E+00 4.226E+02 4 .226E+02 18.03 OK

Final Mean for 3 Valid Peaks 3.953E+02+/~- 7.384E+01 ( 18.68%)

Nuclide Type: NATURAL 1 ,
Uncorrected Decay Corr 2-Sigma

Nuclide Energy. $Abn $Eff pCi/filter pCi/filter %Error Status
TH-234 63.29 3.80* 3.797E+01 5.869E+02 5.869E+02 16.11 OK
Final Mean for 1 Valid Peaks = 5.869E+02+/- 9.458E+01 ( 16.11%)

Flag: "*" = Keyline



Combined Activity-MDA Report
Sample ID 0707017-03

---- Identified Nuclides ----

Activity Act error
Nuclide (pCi/filter)
BA-133 3.953E+02 7.384E+01
TH-234. "5.869E+02

9.458E+01
---- Non-Identified Nuclides ----

Key-Line

Activity K.L. Act error

Nuclide (pCi/filter) Ided

CO-57 -1.409E+00 7.319E+00
CDh-109° -3.259E+01 9.499E+01
PA-231 0.000E+00 0.000E+00
PA-234 0.000E+0Q0 0.000E+00
NP-237 2.600E+01 2.749E+01
AM-241 9.598E+00 5.353E+00

Acquisition date

MDA

(pCi/filter)

1.730E+01
8.895E+01

MDA

(pCi/filter)

1.169E+01
1.498E+02
1.933E-01
1.251E-01
5.028E+01
9.873E+00

MDA error

'2.896E+00

4.696E+00

LN

MDA error

2.489E+00
1.818E+01
3.873E-03
2.507E-03

5.878E+00

4.347E-01

Page
10-JUL-2007 14:19:20

4

Act/MDA_

22.
6.

843
598

Act /MDA

.121
.218
.000
.000
.517
.972

Rl
Ly



VAX/VMS Peak Search Report Generated 10-JUL-2007 14:50:05.57

P

Configuration : DKAlOO:[GAMMA.SCUSR.ARCHIVE]SMP_070701704_GE3_BAFIL_111965.CN

Analyses by : PEAK V16.9 PEAKEFF V2.2
Client ID - : 5601-FSS-8U3-1014
Deposition Date ‘
Sample Date : 10-JUL-2007 00:00:00 Acquisition date : 10-JUL-2007 14:34:46
Sample ID : 0707017-04 Sample Quantity : 1.00000E+00 filter
Sample type : FILTER Sample Geometry : 0
Detector name. : GE3 Detector Geometry: BAFIL
Elapsed live time: 0 00:15:00.00 Elapsed real ‘time: 0 00:15:01.07 0.1%
Start channel : 25 End channel : 4096
Sensitivity : 3.00000 Gaussian : 10.00000
Critical level : No :
Pk It Energy Area Bkgnd FWHM Channel Leftﬂ*Pw Cts/Sec %Err Fit
1 1 62.23 243 61 1.45 62.93 59 12 2.70E-01 8.1 3.74E+00
2 1 66.27 115 65 1.46 66.96 59 12 1.27E-01 14.0
3 1 81.43 893 56 1.48 82.12 - 77 12 9.92E-01 3.5 1.11E+01
4 1 84.18 18 47 1.49 84.86 ~ 77 12 1.94E-02104.4
5 0 93.16 48 79 1.55 93.84 89 9 5.39E-02 36.3
6 0 101.13 43 87 1.57 101.82 98 9 4.80E-02 41.6
7 4 - 112.38 256 47 1.67 113.05 109 13 2.84E-01 7.4 2.01E+00
8 4 116.73 52 46 2.05 117.41 169 13 5.77E-02 31.1 '
9 0 '161.74 14 65 0.96 162.39 159 6 1.56E-02 94.1
10 O 277.43 45 19 1.31 278.04 276 5 5.00E-02 20.8
11 3 303.68 177 10 1.60 304.27 300 15 1.97E-01 8.0 1.61E+00
12 3 307.88 31 16 2.13 308.47 300 15 3.40E-02 38.4
13 3 311.37 16 18 2.13 311.96 300 15 1.10E-02 83.7
14 O 334.10 - 63 .48 1.32 334.68 331 7 7.02E-02 19.8
15 5 356.84 551 18 1.63 357.41 353 21 6.12E-01 4.4 3.49E+00
i6 5 365.53 22 28 2.64 366.09 363 21 2.48E-02 45.7 ‘
17 1 384.33 127 11 1.82 384.89 381 15 1.41E-01 9.5 8.95E+00
18 1 387.61 206 9 1.82 388.17 381 15 2.29E-01 8.8
19 1 392.28 49 6 1.83 392.83 381 15 5.42E-02 17.1
20 1 415.59 44 12 1.85 416.13 4310 17 4.93E-02 20.0 9.22E-01
21 1 419.29 22 8 1.85 419.83 410 17 2.49E-02 35.9
22 1 422 .63 12 7 1.85 423.17 410 17 1.36E-02 58.4
23 0 438.08 110 11 2.02 438.61 434 9 1.22E-01 11.0 ’
24 5 463.48 5 1 1.71 464.00 463 13 5.10E-03 5.4 2.94E+00
25 5 468.48 26 2 2.76 469.00 463 13 2.84E-02 25.4
26 5 471,95 10 1 2.77 472.47 463 13 1.15E-02 63.4
27 0 512.06 17 8 2.70 512.56 508 10 1.91E-02 38.5
28 O 603.10 9 0 3.50 603.56 601 6 1.00E-02 33.3



Summary of Nuclide Activity | ' ' Page : 2

Sample ID : 0707017-04 Acquisition date : 10-JUL-2007 14:34:46
Total number of lines in spectrum 28 -
Number of unidentified lines 24
Number of lines tentatively identified by NID 4 14.29%
Nuclide Type : FISSION |
Wtd Mean Wtd Mean ‘

, Uncorrected Decay Corr Decay Corr 2-Sigma
Nuclide Hlife Decay pCi/filter pCi/filter 2-Sigma Error $Error Flags
BA-133 10.50Y 1.00 4.100E+02 4.100E+02 0.762E+02 18.58

Total Activity : 4.100E+02 4 .100E+02
Nuclide Type : NATURAL
Wtd Mean Wtd Mean
' Uncorrected Decay Corr Decay Corr 2-Sigma
Nuclide Hlife Decay pCi/filter pCi/filter 2-Sigma Error $Error Flags
TH-234 4.47E+09Y 1.00 5.059E+02 5.059E+02 0.882E+02 17.43
Total Activity : 5.059E+02 5.059E+02
Gﬁfand" Total Activity : 9.159E+02 9.160E+02
Flags: "K" Keyline not found "M Manually accepted

"E" = Manually edited

“All

.Nuclide specific abn. limit



Nuclide Line Activity'Report ' Page : 3
Sample ID : 0707017-04 Acquisition date : 10-JUL-2007 14:34:46

Nuclide Type: FISSION )
Uncorrected Decay Corr 2-Sigma

Nuclide Energy $Abn SEff pCi/filter pCi/filter %Error Status

BA-133 81.00 33.00* 1.982E+01 4.100E+02 4.100E+02 18.58 OK
302.84 17.80 5.790E+00 5.169E+02 5.170E+02 32.95 OK
356.01 60.00 6.459E+00 4.2639E+02 4.270E+02 17.91 . OK

Final Mean for 3 Valid Peaks 4.100E+024/- 7.620E+01 ( 18.58%)

Nuclide Type: NATURAL _ :
Uncorrected Decay Corr 2-Sigma

Nuclide Energy $Abn $Eff pCi/filter pCi/filter %Error Status
TH-234 63.29 3.80* 3.797E+01 5.059E+02 5.059E+02 17.43 OK
Final Mean for 1 Valid Peaks = 5.059E+02+/- 8.819E+01 ( 17.43%)

Flag: "*" = Keyline

ARN]
[eN]



Combined Activity-MDA Report
Sample ID 0707017-04

Identified Nuclides ----

Activity Act error
Nuclide (pCi/filter)
BA-133 4.100E+02 7.620E+01
TH-234 5.059E+02 8.819E+01

~--- Non-Identified Nuclides ----

Key-Line

Activity K.L. Act error

Nuclide (pCi/filter) Ided

CO-57 ~-1.084E+00 8.149E+0C0
CDh-109 2.672E+4+01 1.199E+02
PA-231 0.000E+00 0.000E+00
PA-234 0.000E+00 0.000E+00
NP-237 1.458E+01 3.458E+01
AM-241 6.975E+00 5.155E+00

Acquisition date :

MDA
(pCi/filter)

1.692E+01
9.791E+01

MDA
(pCi/filter)

1.304E+01
1.790E+02
1.933E-01
1.251E-01
5.297E+01
9.299E+00

Page :

4

10-JUL-2007 14:34:46

MDA error

2
5

.831E+00
.169E+00

MDA error

daNnwN

.776E+00
.172E+01
.873E-03
.507E-03
.192E+00
.095E-01

Act /MDA

24.
5.

238
167

Act /MDA

QO OO OO

.083
.149
.000
.000
.275
.750



SECTION XII

ANALYTICAL STANDARD



0A/QC REVIEWED CERTIFICATE OF CALIBRATION -

15 i 1| ALPHA STANDARD SOLUTION

Date

Radjonuclide: U-238NAT Cystomer: TMA EBERLINE
Half Life: (4.468 + 0.005) x 109 years P.O.No.: OR2778
Catalog No.: 7338 Reference Date: January 1 1995 12:00 PST.
Source No.: ~ 479-50 Contained Radioactivity: (Total U) 8.016 uCi
Contained Radioactivity: (Total U) 297 kBq
Description of Solution
a. Mass of solution: 65.2896 g in a 50 ml flame sealed ampoule
b. Chemical form: Uranyl Nitrate in H20
c. Carrier content: None
d. Density: Approximately 1.3202 A g/ml @ 20°C.
Radioimpurities Refer to attached technical data sheet
Radioactive Daughters
, Refer to attached technical data sheet
Radionuclide Concentration
(Total ) 0.1228 , " uCilg.
Method of Calibration

Activity calculations are based upon known specific activity and mass.

Uncertainty of Measurement
a. Systematic uncertainty in instryment calibration: +3.0%
b. Random uncertainty in assay: +0.0%
c. Random uncertainty in weighing(s): +2.0%
d. Total upcertainty at the 99% confidence level: +3.6%
NIST Traceability A

This calibration is implicitly traceable to the National Institute of Standards and Technology.
Leak Test(s) ;;
See reverse side for Leak Test(s) applied to this source.
Notes -
1. Nuclear data were taken from "Table of Radioactive Isotopes®, edited by Virginia S, Shirley, 1986.

2. TPL. participates in an NIST measurement assurance program (o establish and maintain implicit traceability for a number of nuclides, -

based on the blind assay (and Iater NIST certification) of Standard Refercnce Materials (As in NRC Regulatory Guide 4.15).

ISOTOPE PRODUCTS LABORATORIES
3017 N. San FErNnanDO BLvb.
Bursank, CALIFORNIA 91504

818°843-7000 Fax 818-843-6168

Bl AUAS
QUXLNY CONTROL
22 I
Date Signed




%E aERLiNE QUALITY CONTROL PROGRAM

Rev.8; 1101103
Tm RadmcﬁvoRcfomeosundardsSoluﬁom&Rmm

" EBERLINE SERVICES - OAK RIDGE LABORATORY
RADIOACTIVE REFERENCE SOLUTIONS
PRIMARY DILUTION RECERTIFICATION

MP 009

__CURRENT DATEl 12/1 3/2006 0 00

SOLUTION REFERENCE #]IPL 479-50

Princl al Radionuclide “Half Life, Years HaﬁUfe Days
Sy 2460E+08 _ L 1.832E+12]

Radionuclide] 2 222y | Reference Date[ /111995 0:00]
_ Certified Activity| 8.016E+00|uCi
Certified Concentration| ' uCi per gram

Ampoule /Solution Grossl . -87.86400IWeight, Grams
Empty Ampoule -32.5020{Weight, Grams
Solution Net 65.1380|Welght, Grams
Total Activity in Ampoule| 8.0160 jnCl

Chemical Composition of Standard Soluﬁon
{Uranyl nitrate in dilute HNQ IR

Dilution Instructions: _ Dilution Solvent Used [IMHNO; - 1

Diluta to a volume off 1000.00  miililiters

Certified Total Activity off, __ 8.0160}uCi Which Equals | 1 78OE+07'dp|'.n at the date listed above

activity concantration is basad on the original
And after dilution the activity of this solution i 1.77955E+04| E+04 dpmlmhfmnu date listed sbove. All activities are

corrected to the date and time of analysis by the
laboratory data processing software.

Expiration Date:[ December 13, 2007 |

Recertified By \\J\ ) AN Date:  12/13/2006 0:00

A - N~ .
Verified & Approved By ' pate:_[] g /07

QC Approval M Date: )10 / 0,7

d




LEBERLINE QUALITY CO:;I':’OL PROGRAM

Rev.8; 11/01/03
Tiie: Radicactive Reference Standsrds Solutions & Records

EBERLINE SERVICES - OAK RIDGE LABORATORY

RADIOACTIVE REFERENCE STANDARD SOLUTIONS
SECONDARY DILUTION RECERTIFICATION

MP-009 Datef 12/13/2008 0:00|
Solution Reference #|IPL 479-50. - 1 Solution #] U8a T

Principal Radionuclide Half Life, Years - Half Life, Days
E@ 4.468E+09 [ 1.632E+12]

Radionuclide of Interest| EE' fu Reference Date|.. - 1/4/1995 0:00]
Parent Solution Conc.| 1.7796E+04 |dpm/ml :

Chemical Composition of Standard Solution '
[Urenly Nitrate in 1M HINO, |

I

JDilution Instructions: Dilution Solvent Used |1M HNO;

. SECONDARY VOLUMETRIC DILUTION

Vol. Parent Solution:| 4.0000]m!

Total Activity:} 7.1182E+04idpm Final Activity ¢oncenttatlon:| 7.1182E+01 Idpmlml
Final Volume: 1000.00{ml )

v This activity concentration Is based on the original
NOTES: ' " reference date listed above. All activitics are

corrected fo the date and time of analysis by the
ory data processing software.

Isotopic Distribution as:

U-238 Atom % = 48.239  U-238 = 71.182 dpm/mi X 0.48249 = 34.345 dpm/mi
U235 Atlom% =226  U-235= 71.182 dpm/mi X 0.0225 = 1,602 dpm/ml
U-234 Atom % = 49.501 U-238 = 71.182 dpmymi X 0.49501 = 35.236 dpm/ml

All values +/-3.6% Expiration Date: [ December 13, 2007 ]
Isctopic ratios from menufacturer’s data sheet ) .

Recertified By - ~ e A~ Date:  12/13/2006 0:00
G -

Verified & Approved By Date: i[ﬁ / 2%7

Date: _{ ,///)‘/0’/7

QC Approval




- T R R —

—~ T RECORD COPY

Product Description & Measurement Certificate

Description Principal radionuclide:  uranium 232 (U-232)  Product code: UDP10650

Daughter Nuclide: Th-228 Batch Number: 92/232/67
Measurement  Reference date: 01 March 2000
- Radioactive concentration U-232 - 6.739E+03 becquerels per gram of solution
which is equivalent to 1.821E-01 microcuries per gram of solution
- Mass of sohution - - 5.35¢€ grams
Volume of solution 5.035 millilitres
Total activity of [J-232 3.61E+04 becquerels
which is equivalent to 9.76E-01 microcuries

Method of measurement (see reverse of this certificate)

Accuracy Random uncertainty is: £ 0.7%  Systematic uncertainty: + 0.5%. g
Overall uncertainty in the radioactive concentration quoted above; & 1.7%
Overall uncertainty is defined on the reverse of this certificate,

Radionuclidic  Any radioactive impurities measured are listed below, expressed as percentages
Purity of the activity of the principle radionuclide at the reference date ,

Th-228 and daughter activity removed 2 Feb 2000
U-232 daughters activity will increase with time. By alpha 88% U-232, 12% daughters on 1/3/00

Isotopic "he isotopic composition, expressed as atom per cent at the reference date .
Purity '
T Not ineasured’ T T T T -
Chemical Calculated weight of U-232, 4.42E-08 grams, as 2M HNO3 solution in a flame scaled glass vial,
Composition This Tracer solution has been produced 'carrier free'.
Physical Recommended half life of uranium 232: 6.980E+01 years
Data Principle energies of alpha emissions (MeV): 5.263 31.7%, 5.320 68.0%

Branching ratio for alpha emission: 100% -
Calculated specific activity of uranium 232: 8.167E+05 Bq per microgram U-232.

Remarks ~ For safety information and notes to ensure correct usage by all persoxis handling this radioactive Tracer
' solution please read the instructions accompanying the package,

AEA Technology operates a quality management system which has been independently audited and

approved to ISO 9001. ’

Approved WM

Signatory W"‘ Project Ref. AE2315
Roger Wiltshire

Prepared and characterised in the UK, for world wide distribution by Isotrak, AEA Technology, QSA.

RN

Trkcert.wps 10/03/00 - AEA Technology is the trading name of AEA Technology plc



EBERLINE QUALITY EPC:::TROL PROGRAM

Rev.8; 110103
Title: RMRMSNMS&M&RM

EBERLINE SERVICES - OAK RIDGE LABORATORY
RADIOACTIVE REFERENCE SOLUTIONS
PRIMARY DILUTION RECERTIFICATION

MP 009

CURRENT DATE[ _12/14/2006 0:00

| SOLUTION REFERENCE #[AEA/Amersham 92/232/67 TION & i 20
IPrincipal Radionuclide Half Life, Years Half Life, Days
é U] ___7.200E+01 , | 2.630E+04]
Radionuclide] 220 _ Reference Date[ .- 3/1/2000 0:00]
Certified Activity] 9.760E-01]uCl
Certified Concentration pCi per gram
Ampoule /Solution Gross]| Weight, Grams
Empty Ampoule Weight, Grams
Solution Net ___[Weight, Grams
Total Activity in Ampoulej 0.9760]uCi
: Chemical Composition of Standard Solution
| [FZU(NO,)s in 2M HNO, | |
% . - - SR
| rDilutlon instructions: : Dilution Solvent Used [2M HNO, ) !

Dilute to a volume of 1000.00 |jmilliliters

Certified Total Activity of 0.97601uCi Which Equals | 2.16’/E+06Idpn; at the date listed above
‘ This activity concentration Is besed on the original
And after dilution the activity of this solution is 2.167E+03|dpm/ml  (eference date listed above. All acti::ies are gmed
to the date and time of analysis by the laboratory data
proceesing software.

Expiration Date:| December 14, 2007 |

T~ Date: 12/1 4/2006 0:00
Date: ] ( g ( 0 "7
pate: __| [1//0 7

Recertified By

Verified & Approved By

QC Approval

/




JEBERLINE QUALITY COEPT-oIEsOL PROGRAM

Rev.8; 110103
Title: mmmwm&m

EBERLINE SERVICES - OAK RIDGE LABORATORY

RADIOACTIVE REFERENCE STANDARD SOLUTIONS
SECONDARY DILUTION RECERTIFICATION

MP-009 Date| 12/1412006 0:00

Solution Reference #]AEA/Amersham 92/232/67 —-U-10a
Principal Radionuclide , Half Life, Yoars . . Halfl.ifo Days
3 i L l 7.200E+01 | 2.630E+04)

Radionuclide of Interest]. 22U ‘ ' _ Reference Date| 3/1/2000 0:00]
Parent Sciution Conc.|:.2.167E+03 jdpm/ml

Chemical Composition of Standard SOIution »
PPUNO)in2MHNO, .~ ]

|Dilution Instructions: Dilution Solvent Used “|2M HNOs -

SECONDARY VOLUMETRIC DILUTION

- Vol. Parent Solution:] -~ 10.0000|mi ,
Total Activity:] 2.1670E+04idpm Final Activity Concentration:| 2.1670E+01]|dpmimi
Final Volume: 1000.00]ml : :
‘ This activity concentration is based on the original
NOTES: reference date listad above. All sctivities are
corrected to the date and time of analysis by the
laboratory data processing software.
Expiration Date:lDecemB’er 14, 2007|
Recertified By RN Date: ___12/14/2006 0:00
! <
Verified & Approved By \ pate: {6 foYy
QC Approval Date: __{ , nloez

/




w9
eSO/ lmtiaxs L | | A \2
" Radiomuclide Th-230 Customer: TMA L ?"\QQ%
Half Life: ~ (7.54 + 0.03) x 104 years P.O.No.: TT4944 a\& : ’
Catalog No.: 7230 Reference Date: November 1 1991 12:00 PST.
Source No.: 388-116 Contained Radioactivity: 1.036 4Ci.
- Description of Solution : '

a. Mass of solution: 5.0042 xmm

b, Chemical form: ~ 'Th(NO3M in 0.1IN HNO3

¢. Carrier confent: None added ‘

.d. Density: 1.0016 g gram/ml @ 20°C.
Radioimpurities

See attached technical data sheet

Radioactive Daughters
See attached technical data sheet

Radionuclide Concentration
‘ ‘ 0.207 uCi/gram.
Method of Calibration
Weighed aliquots of the solution were assayed using a liquid scintillation counter.

Uncertainty of Measurement

a. Systematic uncertainty in instrument calibration: +2.0%
b. Random uncertainty in assay: +0.5%
c. Random uncertainty in weighing(s): +0.2%
d. Total uncertainty at the 99% confidence level: +2.7%

NIST Traceability
This calibration is implicitly traceable to the National Institute of Standards and Technology.
Notes :
1. Nuclear data were taken from "Table of Isotopw Seventh Edition, edited by Virginia s. Shirley.
2. IPL participates in an NIST measnrement assurance program.to establish and maintain implicit
traceability for a number of nuclides, based on the blind assay(and later NIST oemﬁcanon) of
Standard Reference Materials. (As in NRC Regulatory Guide 4.15)

A QUALTEY co% _

ISOTOPE PRODUCTS LABORATORIES
1800 No. Keystone Street.,

Burbank, California 91504

_(818) 843 - 7000




EBERLINE QUALITY :’g::TROL PROGRAM .

Rm).a; 110103
Tile: Radioactive Reference Standards Solutions & Records
EBERLINE SERVICES - OAK RIDGE LABORATORY

RADIOACTIVE REFERENCE SOLUTIONS
~ PRIMARY DILUTION RECERTIFICATION

MP 009
CURRENT DATEl 12/30/2006 0 00
_ SOLUTION REFERENCE#|IPL 388116} SOLU it A |
{Principal Radionuclide Half Life, Yoars Half Lifo Days
= [_7540E+04] I 2754E+07)
Radionuclide}-* Thorit Reference Date| . 1171/1991 0:00]
Certified Activity] :1.036E+00|uCi
Certified Concentration - - JuCi per gram
Ampoule /Solution Gross)| 660]Weight, Grams
Empty Ampotule, IWeight, Grams
Sciution Net 4.6442 Weight, Grams
Total Activity in Ampoulej 1.0360}nCi
Chemical Composition of Standard Solution
PPTh(NO,), in 0.1N HNO, ' |
|Dilution Instructions: Dilution Soivent Used [0ANHNO; ~ - |

Dilute to a volume of| 1000.00 _ |milliliters

Certified Total Activity of___ 1.0360]uCl Which Equals [ 2.300E+06]dpm at the date listed above

. : This activity concentration Is basad on the original
And after dilution the activity of this solution isdpmlml ' on the orig!

to the date and time of snalysis by the laboratory data
procsssing software.

Expiration Date: [ December 30, 2007 ]

o ,
N~
Recertified By m—* by Date:

12/30/2006 0:00
Verified & Approved By ( R

pate:__t{9./0>

QC Approval Date: [ Z [Q b Z

reference date listed above, All activities are corrected

S




%E BERLINE QUALITY CO'P:;I'-OI:’OL PROGRAM

Rev.8; 110103
Title: MWMWMWU»&M

EBERLINE SERVICES - OAK RIDGE LABORATORY

RADIOACTIVE REFERENCE STANDARD SOLUTIONS
SECONDARY DILUTION RECERTIFICATION

MP-009 Date] ooso 00
Solution Reference #[IPL 386-118 ] Solution #] Th-‘lb
IPrInci Radionuciide Half Life, Years Half Life, Days
”“? ] - [ 2.754E+07]
Radionuclide of Interest] **Thor Reference Date| _ 11/1/1991 0:00]
Parent Solution Conc.|. 23DE¥03. dpm/mi

Chemical Composition of Standard Solution
PPTh(NOs), in 0.1N HNO, |

{Ditution Instructions: Dilution Solvent Used {0.1N HNO, B

SECONDARY VOLUMETRIC DILUTION

Vol. Parent Solution: —10.0000]m!

Total Activity:| 2.2999E+04|dpm Final Activity Concentration:| 2.2999E+01 |dpm/mi
Final Volume: 1000.00iml .

This activity concentration is based on-the original
NOTES: " reference date listed above. All activities are
corrected to the date and time of analysis by the
laboratory data processing software.

Expiration Date:l December 30, 5007]

Recertified By \\ \ ~1\) 2 Date:  12/30/2006 0:00
Verified & Approved By pate:__1 (9,(07

Date:_/ / D /ﬁ/7

QC Approval




CERTIFICATE OF CALIBRATION -
ALPHA STANDARD SOLUTION

Radionuclide: Th-232 - Customer: - TMA EBERLINE
Half Life:  (1.405+ 0.006) x 1010 years . P.O.No.: VH1632
Catalog No.: 7232 Reference Date: November 1 1993 12:00 PST.
Source No.: 435-104-2 Contained Radioactivity: - (Th-232) 0.0933 #Ci.
4 . Contained Radioactivity:  (Th-232) 3.45 kBq.
Description of Solution
a. Mass of solution: : ‘ 11.9712 g (in a 10 ml flame sealed ampoule)
b. Chemical form: -~ Th(NO3)4 in water
c. Carrier content: "None added '
d. Density: Approx. 1.21 A g/ml @ 20°C.
Radioimpurities : None detected (other than daughters).
Radioactive Daughters
Ra-228, Ac-228, Th-228, Ra-224, Rn-220, Po-216, Pb-212, Bi-212, Po-212, T1-208
Radionuclide Concentration
(Th-232) 0.00779 . uCilg.
Method of Calibration

Activity calculations are based upon known speciﬁc activity and mass,

Uncertainty of Measurement
a. Systematic uncertainty in instrument cahbrahon +3.0%
b. Random uncertainty in assay: . +0.0%
c. Random uncertainty in weighing(s): +2.0%
d. Total uncertainty at the 9% confidence level: +3.6%
NIST Traceability

This calibration is implicitly traceable to the National Institute of Standards and Technology.
Leak Test(s)
See reverse side for Leak Test(s) applied to this source.
Notes ' -

1. Nuclear data were taken from "Table of Rad;oacuva Isotopes®, edited by Virginia S. Shirley, 1986, )
2. IPL participates in an NIST measurement assurance program to establish and maintain implicit traceability for a number of nuchdes.
based on the blind assay (and later NIST certification) of Standard Reference Materials (As in' NRC Regulatory Guide 4.15).

QUALITY CONTROL

Nev. %, ‘/?93
Date Signed

ISOTOPE PRODUCTS LABORATORIES
1800 North Keystone Street

Burbank, California 91504

(818) 843 - 7000




Eseruiye  QUALITY CONTROL PROGRAM

Rev.8; 110/03
Tie: Radicactive Refersnce Standards Solutions & Records
EBERLINE SERVICES - OAK RIDGE LABORATORY
RADIOACTIVE REFERENCE SOLUTIONS
PRIMARY DILUTION RECERTIFICATION

MP 009 ‘
. CURRENT DATE[12/14/2006 0:00]
Half Life, Years ' Half Life, Days
_ 1.4058E+10 | . 5.132E+12]

Radionuclide| ‘==> Reference Date| - . 11/4/4993 0:00|
Cortified Activity|:- pCi :
Certified Concentration| v 1uCi per gram
Ampoule /Solution Gross| Woeight, Grams
Empty Ampoule Weight, Grams

Solution Net Welght, Grams
Total Activity in Ampoule] .0933uCi

Chemical Composition of Standard Solution
[Th(NO,), in H20 ) |

{Dilution Instructions: - Dilution SolventUsed  [1% Nitric Acid ]
Dilute to a volume of mitliliters

Certified Total Activity off ___0.0933]uCi Which Eauals 2.071E+05kdpnf at the date listed above
And after dilution the activity of this solution isdpmlml This activity concentration is based on the original

reference date listed above. All activities are corrected
to the date and time of snalysis by the lzboratory data
processing software.

Expiration Date:[December 14, 2007 |

Recerﬁﬁedlyk A~ Date:  12/14/2006 0:00

Verified & Approved By pate: ¢ (G4 >

QC Approval Date: ” ” ! 0 7

i




Servia

%E BERLINE QUALITY CO:T&OL PROGRAM

Rev.8; 110003
Title: Mlo-nﬂvo Reference Standards Solutions & Records

EBERLINE SERVICES - OAK RIDGE LABORATORY

RADIOACTIVE REFERENCE STANDARD SOLUTIONS
SECONDARY DILUTION RECERTIFICATION

JRE———

Daté| 12/1 0 OOI

Solution #] -

Half Life, Days
{ 5.132E+12]

Radionuclide of Interest,

Reference Date| 11/111893 0:00}
Parom Solution Conc.] . 20N

Chemical Composition of Standard Solution
[Th(NOs), in 1% HNO, - _ ]

[Ditution Instructions: Dilution Solvent Used }1% Nitric Acid.

SECONDARY VOLUMETRIC DILUTION

Final Volume: .00iml

Vol. Parent Solution:}  500.0000im! ‘ .
Total Activity:] 1.0355E+05]dpm Final Activity CDnoentratloml 1.0355E+02]dpmlml
1000 :

- This activity concentration is bised on the original .
NOTES: - reference date listed above. All activities are
: corrected to the date and time of analysis by the
laboratory data processing software.

gt
Expiration Date:l December 14, Zm

Recertified Bym ~A Date:  12/14/2006 0:00

Verified & Approved By Date: ) [ 0[/{0‘)
QC Approval Date: | [ (l / _0 ,7

~




[h-18

24937 Avenue Tibbitts
’SOtope PrOdUCtS Va!encia,Ca;for:'nia 91355
Laboratories

Tel 661309-1010
An Eckert & Ziegler Company Fax 661-257-8303

CERTIFICATE OF CALIBRATION
ALPHA STANDARD SOLUTION

Radionuclide: Th-229 Customer: EBERLINE SERVICES

Half-life: 7340 * 160 years - P.O.No.: 00009633

Catalog No.: 7229 Reference Date: 15-Jan-02 12:00 PST

Source No.: - 867-54 * Contained Radioactivity: 1.013 pCi 37.48 kBq

(Th-229 only)

Physical Description:

A. Mass of solution: 5.0147 g in 5 mL flame-sealed ampoule
B. Chemical form: Th{NO,), in 0.1M HNO,

C. Carrier content: 10pg Th/mL

D. Density: 1.0616 g/mL @ 20°C.

Radieimpurities:
None detected (daughters in equilibrium) -
Radionuclide Concentration: 0.2020 uCilg, 7.474  kBqglg
Method of Calibration;
This source was prepared from a weighed aliquot of solution whose activity in uCi/g was determined
using gamma ray spectrometry.
Peak energy used for integration: 193.5 keV

Branching ratio used: 0.0441 gammas per decay

Uncertainty of Measurement:

A. Type A (random) uncertainty: x 0.7%
B. Type B (systematic) uncertainty: + 3.0%
C. Uncertainty in aliquot weighing: * 00%
D. Total uncertainty at the 99% canfidence level; * 31%

Notes:

- See reverse side for leak test(s) performed on this source.

- IPL participates in a NIST measurement assurance program to establish and mamtam implicit traceability
for a number of nuclides, based on the blind assay (and later NIST certification) of Standard Reference
Materials (As in NRC Regulatory Guide 4.15).

- Nuclear data was taken from IAEA Technical Report Series No, 261.

- This solution has a working life of 5 years.

/;é- o L /{ L b D~ Jen-02
" Quality Control Date Signed IPL Ref. No.: 867-54

150 9001 CERTIFIED

Medical Imaging Laboratory Industrial Gauging Laboratory

24937 Avenue Tibbitts  Valencia, California 91355 1800 North Keystone Street  Burbank, California 91504



%EBE%;L NE QUALITY CONTROL PROGRAM

Rev.8; 171003
Tlle' MMWW&M

EBERLINE SERVICES - OAK RIDGE LABORATORY
RADIOACTIVE REFERENCE SOLUTIONS
PRIMARY DILUTION RECERTIFICATION

MP 009

CURRENT DATE 1/3/2007 0:00
] SOLUTION # Th-18 .

SOLUTION REFERENCE #[IPL 867-64

" Half Life, Years Half Life, Days
7.340E+03 : L 2.681E+06]
Radionuclide[ 2°Th _ : Reference Date]  1/15/2002 0:00}
Certified Activity] 1.013E+00]pCi
Certified Concentration]~ - wCl per gram
Ampoule /Solution Gross| - 8.7752]Weight, Grams
Empty Ampoule 3.7591|Weight, Grams
. Solution Net] _ 5.0161|Weight, Grams
Total Activity in Ampouls} 1.0130}pCl
Chemical Composition of Standard Solution
Imrh(N03)4 in 0.7M HNO, ]
o e
{Ditution Instructions: | Dilution Solvent Used  [0.1 MHNO, - |
Dilute to avolume of] 1000.00  [milliliters
Certified Total Activity of[___ 1.0130]uCi Which Eauals [ 2.249E+06]dpm at the date listed above

This activity eoneomﬁon is based on the inal

And after dilution the activity of this solution is| 2.249E+03idpm/ml cterence date listed above. Al activities a[oer?onec(ed
o the date and time of analysls by the izboratory data
procaseing softwars.

Expiration Date:[ January 3, 2008 |

Recertified By ‘\A- ” —A Date:  1/3/2007 0:00

Verified & Approved By /& \ pate:_{ (/07

QC Approval Date: 4 122 _/_é Z

e



%E serpyvg  QUALITY CONTROL PROGRAM

Rev.7, 8/20/98
Tite: Radlosctive Reference Standards Solutions & Records

EBERLINE SERVICES - OAK RIDGE LABORATORY

RADIOACTIVE REFERENCE STANDARD SOLUTIONS
SECONDARY DILUTION RECERTIFICATION

laboratory data processing software.

Expiration Date:

—

Recertified By

Date: 11312007 0:00

pate: ¢[(4 / @’,)

Date: ///0/ o7
/ L]

Verified & Approved By

QC Approval

MP-009 Date|  1/3/2007 0:00
~ Solution Reference #]iPL 867-54 - 'Th-18a
Princi : al Radionuclide Half Lifo, Yoars ' Half Lifs, Days
ﬁ ' | 7.340E+03 | 2.681E+06|
Radionuclide of Interest] - Reference Date|  1/15/2002-0:00)
Parent Solution Cone.| 2.25E+03 |[dpm/ml
Chemical Composltion of Standard Solution
[TH(NOs), in 0.1M HNO; ]
Ionutson Instructions: Dilution Solvent Used |0.1M HNO;
SECONDARY VOLUMETRIC DILUTION
Vol. Parent Solution: 10.0000}ml
Total Activity:] 2.2490E+04|dpm Final Activity Concentration:| 2.2490E+01 [dpm/ml
Final Volume: 1000.00jmit: ‘ ‘ :
' ~ This activity concentration is based on the original
NOTES: ' reference date listed above. Al activities are

. corrected to the date and time of analysis by the




S | | | " Ba-b
AN | (¢ ca)
B RNational Institute of Stanvards X Technology

= Certificate

Standard Reference Material 4251C
Barium-133 Radioactivity Standard

1

This Standard Reference Material (SRM) consists of radioactive barium-133 chloride, non-radioactive barium
chloride, and hydrochloric acid dissolved in 5 mL of distilled water. The solution is contained in a flame-
sealed NIST borosilicate-glass ampoule. The SRM is intended for the calibration of ionization chambers and
solid-state gamma-ray spectrometry systems.

Radiological Hazard

The SRM ampoule contains.barium-133 with a total activity of approximately 2.5 MBq. Barium-133 decays
by electron capture and during the decay process X-rays and gamma rays with energies from 4 to 400 keV are
emitted. Most of these photons escape from the SRM ampoule and can represent a radiation hazard. .
Approximate unshielded dose rates at several distances (as of the reference time) are given in note [a]*.
Appropriate shielding and/or distance should be used to minimize personnel exposure. The SRM should be
used only by persons qualified to handle radioactive material.

Chemical Hazard

The SRM ampoule contains hydrochloric acid (HCI) with a concentration of 1 mole per liter of water. The
solution is corrosive and represents a health hazard if it comes in contact with eyes or skin. If the ampoule
is to be opened to transfer the solution, the recommended procedure is given on page 2. The ampoule should
be opened only by persons qualified to handle both radioactive material and strong acid solution.

Storage and Handling

The SRM should be stored and used at a temperature between 5 and 65 °C. The solution in an unopened
ampoule should remain stable and homogeneous until at least June 2004.

The ampoule (or any subsequent container) should always be clearly marked as containing radioactive
material. If the ampoule is transported it should be packed, marked, labeled, and shipped in accordance with
the applicable national, international, and carrier regulations. The solution in the ampoule is a dangerous
good (hazardous material) both because of the radioactivity and-because of the Strong acid. :

Preparaﬁon
This Standard Reference Material was prepared in the Physics Laboratory, Ionizing Radiation Division,
Radioactivity Group, J.M.R. Hutchinson, Group Leader. The overall technical direction and physical
measurements leading to certification were provided by L.L. Lucas of the Radioactivity Group and D.B. Golas,
Nuclear Energy Institute Research Associate.

The support aspects involved in the preparation, certification, and issuarice of this SRM were coordinated
through the Standard Reference Materials Program by N.M. Trahey.

Gaithersburg, Maryland 20899 Thomas E. Gills, Chief
October 1994 Standard Reference Materials Program

SRM 4251C, page 1 of 6 *Notes and references are on pages 5 and 6.




EBERLINE QUALITY g?rJROL PROGRAM

-
Rov.8; 11/10/03

PRIMARY DILUTION RECERTIFICATION
QCP 009-1 :

SOLUTION REFERENCE #

Half Life, Yoars

Principal Radionuclide
’ !'Barium l . - 1.048E+01

Certified Activity] - pCi
Certified Concentration| 1.318E+01]uCi per gram

Ampoule /Solution Gross, 9.3081|Weight, Grams
Empty Ampoule 4.2582IWeight, Grams
Solution Net -5.0499 Weight, Grams

Total Activity in Ampoule| _ 66.5577|uCi

Chemical Composition of Standard Solution
[®BaCl, in 1M HCI _ ]

CURRENT DATE 11/6/2006 0:00
SOLUTION#| — "Bab -

EBERLINE SERVICES - OAK RIDGE LABORATORY
RADIOACTIVE REFERENCE SOLUTIONS

Half
| 3.828E+03]

Radionuclide] ™ Barium | Reference Date| - 9/4/19930:00]

R R R S g
IDilutlon Instructions: Ditution Solvent Used

Dilute to a volume of| 1000.00 |milliliters

[AMHACH

Expiration Date: [ November 6, 2007 |

Recertified By : Date: 11/18/06
Verified & Approved By Date: __ |} {2 Z/ 06

QC Approval Date: V14 4;2 Z [a é
/ o

Certified Total Activity of|__ 66.5577]uCi Which Equals L____1-478E+08]dpm at the date listed above

e g . This activity concentration is based on the original
And after dilution the activity of this solution is] 1.478E+05|{dpm/mi reference date fisted above. Al activities are corrected

to the date and time of analysis by the laboratory data
processing software.

S




Rev.8; 11110003

SJEBERLINE

SERVILEY,

Title: Radioactive Reference Standards Solutions & Records

QUALITY CONTROL PROGRAM
QCP-009

EBERLINE SERVICES - OAK RIDGE LABORATORY
RADIOACTIVE REFERENCE STANDARD SOLUTIONS

SECONDARY DILUTION RECERTIFICATION

QCP-008-1-A Date| 1176106
Principal Radionuclide Half Life, Years Haif Life, Days
!Aﬁ | 1.048E+01 ' P 3.828E+03]
Radlonuclide of Interest] _ Ba Reforence Date| . 9/1/1993 0:00]
Parent Solution Conc.| 1.48E+05 |dpm/mi

~ Chemical Composition of Standard Solution

2 in 1M HC)

IDllution Instructions:

Dilution Solvent Used M HCI ]

SECONDARY YOLUMETRIC DILUTION

‘Vol. Parent Solution:| - 25.0000|mi _
' Total Activity:] 3.6950E+06idpm Final Activity Concentration:| 3.6050E+03]dpm/ml
Final Voiume: | 1000:.00jml : :
_ This actlvity concentration is based on the original
NOTES: reference date listed above. All activities are
corrected to the date and time of analysls by the
laboratory data processing software.
Expiration Date:l November 86, 2007 I
Recertified By ! ‘*5&)\ , Date: 11/18/06
Verified & Approved By pate: 73 {2 Z@
QC Approval Date: Z 4 f o'y Zz o é

~




CERTIFICATE OF CALIBRATIONA/T REViEWeD |

L
ALPHA STANDARD SOLUTION, 2/8h . i
Radionuclide: Ra-226 Customer: - TMA EBERLINE
Half Life: . 1600 + 7 years P.O.No.: VH1888
Catalog No.: 7226 Reference Date: February 1 1994 12:00 PST.
Source No.: 453-26 - Contained Radioactivity: (Ra-226) 1.001 . xCi.
: ' Contained Radioactivity: (Ra-226) 37.0 kBq.
Description of Solution
a. Mass of solution: 5.1864 g (in a 5 ml Flame Sealed Ampoule)
b. Chemical form: Ra(NO3)2in 1 N HNO3 -
c. Carrier content: None added
d. Density: 1.0318 A g/mi @ 20°C.
Radioimpurities None dewcted(other than daughters)
Radioactive Daughters
Rn-222, Po-218, At-218, Pb-214, Bi-214, Po-214, TI-210, Pb-210, Bi-210, Po-210 and T1-206.
Radionuclide Concentration :
(Ra-226) 0.1929 ' uCilg.
Method of Calibration '

Weighed aliquots of the solution were assayed using gamma spectrometry:

‘Energy peak(s) integrated under: 186 keV.
Branching ratio(s) used: 0.0351 gamma rays per decay.

Uncertainty of Measurement
a. Systematic uncertainty in instrument calibration: +3.4%
b. Random uncertainty in assay: +3.1%
c. Random uncerteainty in weighing(s): +0.2%
d. Total uncertainty at the 99% confidence level: +4.6%
NIST Traceability

This calibration is implicitly traceable to the Natlonal Institute of Standards and Technology.
Leak Test(s) v
See reverse side for Leak Test(s) applied to this source.
Notes ' , -
1. Nuclear data were taken from "Table of Radicactive Isotopes”®, edited by Virginia S. Shirlei, 1986.

2. IPL participates in an NIST measurement assurance progrem to establish and maintain implicit traceability for a number of nuclides, »
based on the blind assay (and later NIST centification) of Standard Reference Materials (As in NRC Regulatory Guide 4.15).

' QUALITY CONTROL

febh. 3, 1994
Date Signed

ISOTOPE PRODUCTS LABORATORIES
1800 North Keystone Street

Burbank, California 91504

(818) 843 - 7000




EBERLINE QUALITY .ﬁ?o:‘TROL PROGRAM

Rev.8; 110103

Tiie: Radioactive References Standards Solutions & Records

, EBERLINE SERVICES - OAK RIDGE LABORATORY
' RADIOACTIVE REFERENCE SOLUTIONS

- PRIMARY DILUTION RECERTIFICATION

MP 008
CURRENT DATE] 12/29/2006 0: 00 |
_ SOLUTION REFERENCE #[IPL 453-26 SOLUTION#] - Ra5 e
Principal Radionuclide Half Life, Years Half Life, Days
- ﬁ adium | 1.800E+03 . l 5.844E+05|
Radionuclide| ““Radium_ Reference Date| - 2/1/1994 0:00]
Certified Activity] 1.001E+00]uCi
Certified Concentration| ' pCi per gram

Ampoule /Solution Gross, Woeight, Grams

Empty Ampoule 1Woeight, Grams

Solution Net [Weight, Grams

Total Activity in Ampoule| 1.0010)uCi
Chemical Composition of Standard Solution

P°Ra(NO), in 1M HNO, ]
[Dilution Instructions: ) - Dilution Solvent Used [IMHNO, 1

Dilute to a volume of milliliters

Certified Total Activity of|___ 1.0010]uCi Which Equals | 2. 222€+oe|dpm at the date listed above

ls activity concentration is based on the orldml
And after dilution the activity of this solution is[ 2.222E+03]dpm/m| ,,f,m date listed above. All activities are comrected

to the date and time of ansiysis by the laboratory data
processing softwars.

Expiration Date: [ December 29, 2007 ]

Diluted By | ATB)\ Date: 12/29/2006
Verified & Approved By Date: ;/9/0%7

Date: l/[//ﬂ/]

QC Approval




EBERLINE QUALITY COI::"I:&OL PROGRAM

Rev.8; 11/01/03
Title: MWWMM&M

EBERLINE SERVICES - OAK RIDGE LABORATORY

RADIOACTIVE REFERENCE STANDARD SOLUTIONS
SECONDARY DILUTION RECERTIFICATION

_ MP 009 Date] ""lzooso'oo‘
Solution Reference #[1PL-453-26 : Solution #] .
Principal Radionuclide Half Life, Yoars Half Ufo, Days
ﬁium ] 1.600E+03 | 5.844E+05]
Radlonuclide of Interest| ~Radium Reference Date]  3/1/1994 0:00]
Parent Solution Conc.} 2.22E+03 ldpm/mi
Chemical Composition of Standard Selution v
[”Ra(NO,), in 1M HNO; ]
|pilution Instructions: : Dilution Solvent Used [1M HNO, - |
SECONDARY VOLUMETRIC DILUTTON
Vol. Parent Solution:] - 20.0000iml .
Total Activity:] 4.4440E+04}dpm Final Activity Concentration:] 4.4440E+01 dpm/mi
Final Volume: -1000.00]mi This activity concentration is based on the original
referencs date listed above. All-activities are
. corrected to the date and time of analysis by the
NOTES: , iaboratory data processing software.

Expiration Date: IDecemE r 29, 5557'

Recertified By ;X"\ Date: 1/4/2006 0:00

Verified & Approved By pate: 319 {07

4
ac Approval_m pate: _\ 1] 7

e




1380 Seaboard Industrial Bivd.

ANALYTICS ' Atlanta, Georgia 30318 - US.A,

Phone (404) 352-8677
Fax  (404) 352-2837

CERTIFICATE OF CALIBRATION
Standard Radionuclide Source

61680-416
Ra-228 5 mL Liquid in Flame Sealed Vial
This standard radionuclide source was prepared

gravimetrically from a calibrated master solution. The
master solution was calibrated using a germanlum gamma

spectrometer system.

Radionuclide purity and calibration were checked using a

germanium gamma spectrometer system.
and assay date for this source are given below.

ANALYTICS maintains traceability to the National Institute
of Standards and Technology through Measurements Assurance

The nuclear decay rate.

Programs as described in USNRC Reg. Guide 4.15, Revision 1.
[ o
A L
ISOTOPE: Ra-228 =
ACTIVITY (dps): 3.586 E3 r"'"g
HALF-LIFE: 5.75 years ‘ ' Ly
CALIBRATION DATE: June 4, 2001 12:00 EST cz
TOTAL UNCERTAINTY*: 5.1% % ;’
SYSTEMATIC: 3.6% -
RANDOM : 1.5% ' o

*99% Confidence Level

-

Impurities: y-ihpurities (other than decay products) <0.1%

5.00872 grams 0.1M HCL solution with 50 pg/g Ba carrier.

P O NUMBER 00008864, Item 1

SOURCE PREPARED BY: M ﬁ/

M. D~eutrie, Radiochemist

Q A APPROVED: /(/CM(,L}/ 6/7/0 {

3\
s éé//@_/ iRHTIALS



%EBER!_;L e QUALITY CONTROL PROGRAM

Rev.8; 1/10/03
Tie: Radioactive Reference Stendards Solutions & Records

- EBERLINE SERVICES - OAK RIDGE LABORATORY
RADIOACTIVE REFERENCE SOLUTIONS
PRIMARY DILUTION RECERTIFICATION

Dilute to a volume of] milliliters

Certified Total Activity o 0.0969]uCt - Which Equals | 2.152E+05]dpm at the date listed above

And after dilution the activity of this solution is[ 2.152E+02]dpm/m] 1™:s acivity concentration s based on the original

to the date and time of analysis by the laboratory data
procsssing software.

Expiration Date:| December 29, 2007 |

Recerﬁﬁedm Date:  12/29/2006 0:00
Verified & Approved By M \ pate:  {[a ( ov

QC Approval 7/,:@ \j,\;z)‘ﬂw Date: | //! /; ;7

MP 009 . ‘
CURRENT DATE[ —_12/29/2006 0:00]
e 2 OLUTION REFERENCE #{Analytics 61680-416 SOLUTION#[ — Re-10__
I Radionucfiide Half Life, Days
~ 2Ra | I 2.100E+03}
Radionuclide] . ZRa | ‘ Reference Date|  6/4/2001 0:00]
Certified Activity| _9,692E-02}uCi
Certified Concentration] . -~ JuCl per gram
Ampoule /Solution Gross| - '0.4982]Weight, Grams
Empty Ampoule]  4.4895{Weight, Grams
_ Solution Net 5.0087 |Weight, Grams
Total Activity in Ampoule] __ 0.0969].Cl
Chemical Composition of Standard Solution
[PRa(NO,), in 0.5 M HCI |
s = e ——]
IDilution Instructions: , Dilution Solvent Used PsMAc ]

reference date listed above. All activities are corrected k

/7
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